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April 12,1888. 

Profeasor G. G STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanVi ordered 
for the*" 

The Bakerian Lecture was delivered as follows : — 
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PaKT 1.— PltOHAill.t OrK.IN OK hOJIB OK THE GROUPS. 

I. XeUlcF. 

In a paper communicated to the Royal Society on November 15th, 
1887, 1 showed that the neb ales are composed of sparee meteorites, 
the collisions of which bring abont a rise of temperature sufficient to 
lender lnminons one of thoir chief constitaents — magnesium. This 
conclusion was arrived at from the facts that the chief nebula line* 
are coincident in position with the dating and lines visible in the 
hausen burner when magnesium is introduced, and that the fluting is 
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far brighter at that temperature than almost any other apectral line 
or fluting of any element whatever. 

I suggested, that the association or non-association of hydrogen 
lines with the lines due to the olivine constituents of the meteorites 
might be an indication of the greater or lees b perseness of the swarm, 
the greatest sparseness being the condition defining fewest colli- 
sions, and therefore one least likely to show hydrogen. This sugges- 
tion was made partly bocauso observations of oomets and laboratory- 
work have abundantly shown that great liability to collision in the 
one case, and increase of temperature in the other, are accompanied 
by the appearance of the carbon spectrum instead of tfao hydrogen 
spectrum. 

The now demonstrated meteoric origin of tbeso celestial bodies 
renders it needful to discuss the question in somewhat greater detail, 
with a view to classification ; and to do this thoroughly it ia requisite 
that we should study the rich store of facts which chiefly Sir William 
Heraohel’s labours have placed before us regarding the various forms 
of nebulae, in order to ascertain what light, if any, the new view 
throws on their development. 

To do this the treatment mnst be vastly different from that — the 
only one we can pursue — ntilisod in tho case qf tho stars, the images 
of all, or nearly all, of which appear to ns as points of light more or 
less minnte ; while, in the caso of the nebul®, forms of tho most 
definite and, in many cases, of tho most fantastic kind, have been long 
recognised as among their chief characteristics. 

It will at once bo evident that since the luminosity of tho meteorites 
depends upon collisions, the light from them, and from the glow of 
the gases produced from them, can only come from those parts of a 
meteor-swarm in which collisions are going on. Visibility is not the 
only criterion of the existence of matter in space ; dark bodies maj 
exist in all parts of space, but visibility in any part of the heavens 
means, not only matter, but collisions, or the radiation of a mass of 
vgpour produced at some time or other by collisions The appear- 
ances which these bodies present to us may boar little relation to 
their actual form, but may represent merely surfaces, or loci of 
disturbance. 

It seemed .proper, then, that 1 should seek to determine whether 
the view I have put forward explains the phenomena as satisfactorily 
us they have been explained by old ones, and, whether, indeed, it can 
go farther and make some points clear which before were dark. 

To do this it is not necessary in the present paper to dwell at any 
great length either on those appearances which were termed nebw- 
lotiUu by Sir William Herschel or on irregular nebulae generally ; 
but it must be remarked that the very great extension of the former 
— which there it Utile reason to doubt will be vastly increased by 
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increase of optical power and improvement in observing condition* 
and stations— may be held to strengthen the view that space is really 
a meteoritio plenum, while the forms indicate motions and crossings 
and interpenetrations of streams or sheets, the brighter portions 
being doe to a greater number of collisions per unit volume. 

From this point of view it is also possible that many stars, instead 
of being true condensed swarms due to the nebulous development to 
whioh we have referred, are simply appearances produced by the 
intersection of streams of meteorites They are, then, referable to 
an intensification of the conditions which gave rise to the brighter 
appearances recorded by Herschel here and there in his diffused 
nebulosities. The nebulous appendages sometimes seen in connexion 
with stars strengthen this view. 

When we come to tho more regular forms we find that they may 
be generalised into three groups, according as the formative action 
seems woiking towards a centre ; round a centre in a plane or nearly 
so ; or in one direction only. As a result we have globular, spheroidal, 
and oometio nebulas I propose to deal with each in turn. 

Globular Nebula;. 

The remarkable appearance presented by the so-called planetary 
nebnlw requires that T should refer to them in some detail. Sir 
William Hcischel does not describe them at any great length, but in 
his paper on “ Nebulous Stars ” he alludes to the planetary nebulosity 
which in many cases is accompanied by a star in the centre, and 
finally comes to the conclusion that “ the nebulosity about the star is 
not of a starry nature ” (‘ Phil. Trans.,’ vol. 81, 1791, p. 78.) 

Sir John Herschel, m his valuable memoir published in ‘ Phil. 
Trans.,’ 1888, describes them as “ hollow shells” (p. 500). It was so 
difficult to explain anything like their appearance by ordinary ideas 
of stellar condensation that Arago, as quoted by Niohol (‘ Architec- 
ture of the Heavens,' p. 86), abandoning altogether the idea that they 
represented clusters of stars or partook in any wise of a stellar con- 
stitution , imagined them as hollow spherical envelopes, in snbstanoe 
cloudy and opaque, or rather semi-transparent; a brilliant body 
invisible in the centre illuminating this spherical film, so that it was 
made visible by virtue of light coming through it and scattered by 
reflection from its atoms or moleoules. 

Lord Bosse (‘Phil. Trans,’ vol. 140, 1850, p. 507) reoords that 
nearly all the planetary nebulae whioh he bad observed up to that 
time had been found to be perforated. In only one oase wm a perfo- 
ration not detected, but m this ansae were observed, introducing into 
the subject for the first time the idea of nebulous bodies resembling 
to a certain extent the planet Saturn. But Lord Bosse, although he 
thus disposed of the idea of Arago, still considered that the annular 
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nabobs wea real If hollow shells, the perforation indicating an appa- 
rently transparent centre. 

Huggins and Miller subsequently suggested that the phenomena 
represented by the planetary nebula might be explained without 
reference to the supposition of a shell (or a flat disk) if we consider 
them to be masees of glowing gas, the whole maas of the gas being 
incandescent, so that only a luminous surface would be risible (‘ Phil. 
Trans,’ vol. 164, 1864, p. 442). 

It will be seen that all these hypotheses are mutually destructive ; 
but it is right that I should state, iu referring to the last one, that the 
demonstration that these bodies are not masses of glowing gas merely 
has been rendered possible by observations of spectra which were not 
available to Dr. Huggins when hie important disooveiy of the bright- 
line spectrum of nebulse was given to the world. 

It remains, then, to see whether the meteoritio hypothesis can explain 
these appearances when it is acknowledged that all the prior ones 
have broken down. If we for the sake of the greatest simplicity 
consider a swarm of meteorites at rest, and then assume that others 
from without approach it from all directions, their previous paths 
being deflected, the question arises whether there will not be at some 
distance from the centre of the swarm a region in which collisions 
will be most valid. If we can answer this question in the affirmative, 
it will follow that some of the meteorites arrested here will begin to 
move in almost circular orbits round the common centre of gravity. 

The major axes of these orbits may be assumed to be not very 
diverse, and we may further assnme that, to begin with, one set will 
preponderate over the rest. Their elliptic paths may throw the peri- 
astron passage to a considerable diatanoe from the common centre of 
gravity ; and if we assnme that the meteorites with this common 
mean diatanoe are moving in all planes, and that some ore direct and 
some retrograde, there will be a shell in which more collisions will 
take place than elsewhere. Note, this collision surface will be practically 
the only thing visible, and will present to ue the exact and hitherto unex- 
plained appearance of a planetary nebula — a body of the same intensity 
of luminosity at its edge and centre— thus putting on an almost phot- 
phomeent appearance. 

If the collision region has any great thickness, the centre should 
appear dimmer than the portion nearer the edge. 

Such a collision surface, as I use the term, is presented to us during 
a meteoric display by the upper part of our atmosphere. 

I append a diagram, Fig. 1, which shows how, if we thru 
assume movement round a common centre of gravity in a mass oi 
meteorites, one of the conditions of movement being that the peri- 
astron distance shall be somewhat considerable, the mechanism which 
produces the appearanoe of a planetary nebula is at once made appa- 
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Via. 1.— Suggested origin of t,ho appearance prsuntod by a planetary nebula. The 
lomlnoaity <* due to the oolliaioxia ooourring along the aphere of interaeotion 
of tho elliptic orbit* of tho meteoritoi The left-hand diagram la a croaa- 
aeotion of the meteono syatotn, and the right-hand one ahows the appearance 
of the collision -abell as seen from a point outside 

rent. The diagram shows the appearance on the supposition that the 
conditions of all the orbits ■with reference to the major axis shall be 
nearly identical, bnt the appearances would not be very greatly altered 
if we take tho more probable case in whioh thero will be plus and 
minus values. 

Globular Nebula thawing Comlomation until finally a Nebulout Star 
m reached. 

If we grant the initial rendition of the formation of a oollision- 
shell, we can not only explain. the appearanoes put on by planetary 
nebulw, but a continuation of tho same line of thought readily explains 
those various other olasaes to whioh Herschel has referred, in which 
condensations are brought about, either by a gradual condensation 
towards the centre, or by what may be termed successive jumps. 
These condensations doubtless are among the earliest stages of nebular 
development. 

To explain these forma we hare only to consider what will happen 
to the meteorites whioh undergo collision in the first shell. They will 
necessarily start in new orbits, and it is suggested that an interior 
oollision-aheU will in this way be formed. 

In consequence of the collisions the orbits will have a tendency to 
got more and more elliptic, while the pericentric distance will at the 
same time he reduced ; the swarm will, in consequence of this action, 




Via. 2. — Suggestion a* to the origin of a, globular nebula, with a brighter central 
portion Ai in tbo former oa»e, the lurmnoeitj of tho fainter portion 11 doe to 
the coUiuona which occur along the aphoro of lntoraection represented by the 
larger circle After collision the meteorites will trarel in new orbits, and there 
will be an additional sphere of intersection, represented by the smaller circle. 
The left-hand diagram is a crota- section, and the nght-hand on* represents the 
appearance of the two oollmon-ihells at seen from a point outside. 

gradually brighten towards tho centre through collisions being poaaiblc 
nearer the centre, and ultimately we shall have nebnl® with a distinct 
nuoleus, the nucleus then representing the locut of most collisions 
This brightness may be sadden in oortain spherical surfaces, or quite 
gradual, according to the collision conditions in each swarm. 

The final stage will be tho formation of a nebnlons star. 

Effects of Subsequent Rotation. — Spheroidal Nebulas. 

In such meteor-swarms as those we have considered, it must be that 
rotation is, sooner or later, set np. Otherwise it would be impossible 
to aooount for the spheroidal nebnl® at all I am aware that in 
Newton’s opinion the cause of this rotation was not mechanical, but 
tho moment we assume a meteoric origin of these globular clusters it 
is straining the facts to assume that tho intake will be exactly the 
same at all points, and the moment the bombardment is more or less 
kxialiaed, rotation must follow sooner or later. Sir William Hersohel, 
in hi* paper of 1811 (p. 319), says, “ If we consider this matter in a 
general light, it appears that every figure which is not already globa? 
V nut have oooectric nebnlons matter* which, in its endeavour 
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Via. S. — Suggestion u to the origin of » nebulou* eter. The orbits of the inner eet 
of meteorite! are Tory elLptio, to that the iholl of inteneohon appear! almoit 
ai a point. Ai in the prenoni cases, the left-hand diagram represents the 
meteoric systems in aectlon, and the right-hand one the appearance from a 
point outside. 


to come to the centre, will either dislodge some nebulosity- which is 
already deposited, or slide upon it sideways, and in both oases produce 
a circular motion ; so that, in fact, we can hardly suppose a possible 
production of a globular form without a subsequent revolution of 
nebnlons matter, whioh in the end may settle in a regular rotation 
about some fixed axis." 

Given, then, a globular swarm with a rotation around an axis, we 
have to discuss the phenomena produoed by collisions under a new 
set of oirqnmatanees. 

Here at once we have to account for the fact that the nearly 
spherical forma are very short-lived, for they are very rare ; we seem 
to jump, as it were, from globes to very extended spheroids. 

If it be oonoeded that from the above considerations we are justified 
in supposing that the elliptic and other spheroidal nebulis really repre- 
sent a higher stage of evolution than those presented to ue by the 
globular form, it is clear that on the meteoritio hypothesis the greater 
part of the phenomena will represent to ue what happens to such a 
system under the condition of a continuous bombardment of meteor* 
ites from without. 

So soon as we have a minor axis, there will at first he most colli- 
sions caused by the movements of meteors, the paths of which are 
most nearly parallel to it; the result of this will be that the equatorial 
plane will be intensified, and then, later on, if we conceive the system 
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as a very extended spheroid, it is obvious that mstsorites approaching 
it in- directions parallel to it* minor axis will hava fewer ohanoaa of 
collisions than those which approach it, from whatever aximuth, in 
what we may term the eqaatorial plane. These evidently, at all 
events if they enter the system in any quantity, will do for the 
equatorial plane exaotly what their fellows were supposed to do 
for the section in fig. 1, and we shall have on the general bade* 
ground of the symmetrically rotating nebula, whioh may almost be 
invisible in conseqnenoe of its constituent meteorites all travelling 
the same way and with nearly equal velocities, curves indicating the 
regions along whioh the entrance of the new swarm is interfering 
with the movements of the old one ; if they enter in exoess from any 
direction, we shall have broken rings or spirals. 

This was suggested in my last paper. Various segments of rings 
will indicate the regions where most collisions are possible, and the 
absence of luminosity in the centre by no means demonstrates the 
absence of meteorites there. 

Researches by Lord Rosse and othei-s have givon ns forms of 
nebulas whioh may be termed sigmoid and Saturnine, and these 
suggest that they and the elliptical nebule themselves are really pro- 
duced by the rotation of what was at first a globular rotating swarm 
of meteorites, and that in these later revelations wo pick np those 
forms whioh are produced by the continued flattening of the sphere 
into a spheroid under the meteoric conditions stated. It is worthy of 
remark that all the forms taken on by the so-oalled elliptio nebulas 
described by the two Herschels, and by the spiral, sigmoid, and 
Saturnine forma whioh have been added to them by the labours of 
Lord Rosse and others, are recalled in the most striking manner by 
the ball of oil in Plateau’s experiment, when rotations of different 
velocities are imparted to it. 

The Saturnine form may, indeed, in some cases represent either the 
first or last stages in this period of the evolutionary process. I Bay 
may represent, in oonseqnence of the extreme difficulty in making the 
observations so that in the early stages a spherical nebula, beginning 
to change into a spheroid, may have its real spheroidal figure oloaked 
by various conditions of illumination. 

The true Saturnine form most, as in the oase of Saturn itself, 
represent one of the latest forme in the meteor-swarm, because, if it 
be not oontinually fed from without, collisions must sooner or later 
bring all the members of the swarm to the oentro of figure. 

Cometie Nebula. 

I do not know that any explanation has, so far, been suggested ss 
to the origin of these canons forms, whioh were first figured by 
Sir William Heroehel, and of which a number have recently been 
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observed in the southern hemisphere (‘ Observations of the Southern 
Nebula, made with the Greet Melbourne Telescope,’ Pert I). It 
is deer that in them the conditions ere widely different from those 
hitherto considered in. this paper. I think that the meteoritio hypo* 
thesis satisfactorily explains them, on the supposition that we have 
either a very condensed swarm moving at a very high velocity 
through a sheet of meteorites at rest, or the swarm at rest surrounded 
by a sheet all moving in the same direction. It is a question of rela- 
tive velocity. 

If we consider the former case, it is dear that the collision region 
will be in the rear of the swarm, that the collisions will be due to the 
convergence of the members of the sheet due to the gravity of the 
swarm, and that the collision region will spread out like a fan behind 
the swarm. 

The angle of the fan, and the distance to which the collisions are 
valid, will depend upon the velocity of the condensed swarm. 

[Received March 2G, 1888.] 

II. Start with Bright Lines or Flutings. 

I pointed out in my last paper that those stars in the spectra of 
which bright lines had been observed were in all probability the first 
result of nebulous condensation, both their continuous spectrum and 
that of the surrounding vapour being produced by a slightly higher 
temperature than that observed in nobulso in which similar though 
not identical phenomena are obsorvod. 

I have recently continued my inquiries on this point ; and I may 
say that all I have recently learned has confirmed the conclusions I 
drew in my last paper, whilo many of the difficulties have disappeared. 
Before I infer to these inquiries, however, it is necessary to clear the 
ground by referring to the old view regarding the origin of bright 
lines in stellar spectra, and to the question of hydrogen. 

Reference to the Old View by which it was supposed some of the Bright, 
line Phenomena might be accounted for. 

In the views which, some years ago, were advanced by myself and 
others, to account for the bright lines seen in some of the “ stars ” to 
which reference has been made, the analogy ou which they were baaed 
was founded on solar phenomena ; the “ stars ” in question being sup- 
posed to be represented in structure by our central luminary. The 
main constituent of the solar atmoephero outside the photosphere is 
hydrogen, and it was precisely this substance which was chiefly 
revealed by these stellar observations and in the Novas, in which 
oases it was sometimes predominant. A tremendous development of 
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mi afanotphen like that of ike eon seemed to supply ike explanation 
of the phenomena. 

A wring on this view in 1878,* I attempted to catch these chromo- 
spheric lines in a Lyras, abandoning the use of a cylindrical lens in 
front of the slit with this object in view. 

Further, it was quite clear that if such gigantio supraphotospherio 
atmospheres existed, their bright lines might much modify their real 
absorption spectra ; even “ worlds without hydrogen " might be thus 
explained without supposing a lutue nature e, and so I explained 
them. 

That this view isuntonablo, as I now believe, and that it is unneces- 
sary, will, I think, be seen from what follows. A long series of newly 
described phenomena, which are absolutely incomprehensible while it 
is applied to them, find, I think, a simple and snffioient explanation. 
I must hold that the view is untenable, because how a body oonstitnted 
in any way like the sun could change its magnitude from the thirteenth 
to the sixth every year or so, or change its hydrogen lines from bright 
to dark once a week, passes comprehension ; and the more closely a 
“star” resembles the sun the less likely are such changes to happen. 
Even the minor evolutionary changes are inexplicable on this hypo- 
thesis, chiefly because in a completely condensed mass the temperature 
must be very high and constant, while I have shown that the spectro- 
scopic phenomena are those of a specially low temperature ; and I 
may now add that many of the objects are extremely variable in tho 
quantity and quality of the light they emit 

Another cause of the appearance of the hydrogen lines has been 
suggested by Mr. Johnstone Stoney (‘ Roy. Soc. Proo.,’ vol. 17, p. 54). 
He oonsiders it due to the clashing together of the atmospheres of two 


• " . . . Tho aun which wo see, the sun which sends os the majority of th* light 
wo recoiro, u but a •mall kernel in a gigantio nut, so that tho diameter of tho real 
sun may be, my, 8,000,000 mile*. Suppose then that some stars have very largo 
coronal atmospheres j if the area of the coronal atmosphere is small compared wtth 
the area of the section of the true disk of tho sun, of coarse we shall get an ordinary 
tpeetrum of the atari thst is to say, we shall get the mdicatiaw of absorption 
whioh make us class the stars apart j we shall got a continuous tpeetrum barred by 
dark lines. Bat suppoeo that tho area of the coronal atmosphere is something very 
considerable Indeed, let us assume that it lias an area, say fifty times greater than 
the section of the keraol of the star itself ; now, although each unit of surface of 
that coronal atmosphere may be much less luminous than an oqual unit of surface 
of the true star at the oentre, yet, if the area bo very large, the spectrosoopic -writing 
of that large area will become visible aide by side with the dark lines doe to the 
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•tan, (he outer constituent of (he atmosphere — hydrogen — alone being 
raised by the friction to brilliant inoandeecenoe. 

- Another objection we can urge against the old view is that all 
bodies in the universe cannot be finished sons in the ordinary sense, 
add that it leaves ont of account all possible processes of manufacture, 
not only of single stars, bnt of doable and multiple systems, at all 
stages between nebula and snn ; while the new one, by simply changing 
the unit from the star to each individual constituent, it is hardly too 
much to say, explains everything, though it is perfeotly true that 
in some of the steps a considerable acquaintance with speotrosoopio 
phenomena is necessary to realise the beaaty and the stringency of the 
solutions 

The Question of Hydrogen in the Oaee of Bright-line Stan. 

It may be convenient also that I should summarise the various 
conditions under which the lines of hydrogen are observed in the 
meteoritic swarms we are now considering. 

In the “ nebulas ” we begin with the widest interspaces. Future 
investigation may, as I have suggested, show that those in whioh the 
hydrogen lines are absent are the most widely spaced of all. Bo this 
as it may, it is a matter of common knowledge that in the brighter 
nebula, such as that of Orion, to take an inatanoe, we have hydrogen 
associated with the low-temperatnro radiation of olivine. That tho 
hydrogen is electrically excited to produce this glow is proved by the 
fact that the temperature of the meteorites themselves must be very 
low ; otherwise the magnesium would not show itself without the 
manganese and iron constituents, and tho oontinnons spectrum would 
be much brighter and longer than it is. 

In the former paper I showed that in my laboratory experi- 
ments, when the pressure was slightly increased in a tube containing 
gases obtained from meteorites, the carbon bands began to be visible. 
We should expect this to happen therefore in a meteor swarm at some 
point at whioh the mean interstitial space was smaller than that 
accompanied by the appearance of the hydrogen lines ; and it would be 
natural that both should be seen together at an early stage and both 
feeble, by whioh I mean not strongly developed, as hydrogen is not 
strongly developed even in the nebula of Orion, none of the ultra* 
violet lines being visible in a photograph, while the magnesium 
line is. 

The association of the low-temperature lines of hydrogen with the 
flntings of carbon is therefore to be expected, and I shall subse- 
quently show that we have such an association in the so-called bright- 
line stars j and even at a farther stage of development, in stars like 
• Ononis, the hydrogen is still sssooiated with the osrbon. 
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The Oometie Nature of Star* teith Bright Line* m» their Speotra. 

S e eing that the hypothesis I am working on demands that tho 
luminosity in stars and the bright lines in their speotra are produced 
by the collisions of meteorites, the spectra of those bodies must in 
part resemble those of ooraets, in which bodies by common consent 
the l uminosi ty is now acknowledged to be produced by collisions of 
meteorites. 

We must, however, oonsider the vast difference in the way in which 
the phenomena of distant and near meteoric groups are necessarily 
presented to ns ; and, farther, we must bear in mind that in the case 
of oomets, however it may arise, there is an action which drives the 
vapours produced by impacts outward from tbe swarm in a direction 
opposite to that of the sun. 

It must be a very small comet which, when examined spectro- 
soopioally in the usual manner, does not in consequence of the sixe 
of the image on the slit enable ns to differentiate between the spectra 
of the nucleus and envelopes. The spectrum of the latter is usually 
so obvious, and tbe importance of observing it so great, that the 
details of the continuous spectrum of the nucleus, however bright it 
may be, are almost overlooked. 

A moment’s consideration, however, will show that if the same 
ooraet were so far away that its whole image would be reduced to a 
point on tbe slit-plate of the instrument, the differentiation of the 
spectra would be lost ; we Bhonld have an integrated spectrum in 
which the brightest edges of the carbon bands, or some of them, 
would or would not be seen superposed on a continuous spectrum. 

The conditions of observation of oomets and stars being so different, 
any comparison is really very difficult ; bnt the best way of proceeding 
is to begin with the spectrum of comets, in which, in most esses, for 
the reason given, the phenomena are much more easily and accurately 
recorded. 

But even in the nucleus of a comet as in a star H is much more easy 
to be certain of the existence of bright lines than to reoord their exact 
positions,* and as a matter of fact bright lines, inolnding in all pro- 
bability hydrogen, have been recorded, notably in Comet Wells and 
in the groat oomet of 1882. 

The main conclusion to which my researches have led mo is that 
the stars now under consideration are almost identical in constitution 
with oomets between that condition in which, as in those of 1886 and 
1867, they give ns the absolute spectrum of a nebula and that put on 
by the great oomet of 1882. 

* “ Ob^rvetion, of Cm* m, 1881, June 25,-the spectrum of the nucleus i* 
eontmuou»i that of the ooma shows the usual bauds, With a narrow slit there are 
i ndicatio n* of many line, jut beyond the verge of distinot Tisibility.”— OopeUnd, 
Oopenuen*,' roL I, p, 888. 
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I am aware that this conclusion is a startling one, bat a little con- 
sideration will show its high probability, and a summary of all the 
facts proves it, I think, beyond all question. 

While we have bright lines in comets, it can be shown that some of 
them are the remnants of flntings. Thus in Comet III of 1881, as 
the carbon lines died away the chief manganese Anting at 558 became 
conspicuously visible ; it had really been recorded before then. The 
individual observations are being mapped in order that the exact facts 
may be shown. It may probably be asked how it happened that the 
fluting of magnesium at 500 was not also visible. Its absence, how- 
ever, can be accounted for it was masked by the brightest carbon 
fluting at 517, whereas the carbon fluting which under other circum- 
stances might mAsk the manganese fluting at 558 is always among 
the last to appear very bright and tho first to disappear. 

In the great comet of 1882, which was most carefully mapped by 
Copeland, very many lines were seen, and indeed many, were recorded, 
and it looks as if a complete study of this map will put us in posses- 
sion of many of the lines recorded by Sherman in the spectrum of 
7 Cassiopeia). We have then three marked species of non-revolving 
swarms going on nil fours with three markod Bpecies of revolving 
ones, and in this we have an additional argnmont for the fact that 
the absence in the former of certain flntings which we should expect 
to find may be attributed to masking by the carbon flntings. 

We have next, then, to show that there are carbon bands in the 
bright-line stars 

There iB evidence of this. Among the bright lines recorded ia 
the brightest carbon fluting at 517. This is associated with those 
lines of magnesium and manganese and iron visible at a low tempera- 
ture which have been seen in comets. 

But we have still more evidence of the existence of carbon. In 
a wholo group of bright-line stars there is a bright band recorded 
at about 470, while, less refrangible than it, there appears a broad 
absorption band. I regard it as extremely probable that &e have 
here the bright carbon band 467 — 474, and that the appearance of an 
absorption band is dno to the fact that the continuous speotrtfttx of 
the meteorites extends only a short distance into the blue. 

If we consider such a body as Wells’s comet, or the great oomet of 
1882, at so great a distance from us that only an integrated spectrum 
would reach us, in these cases the spectrum would appear to extend 
very far, and more or less continuously, into the blue; but this 
appearance would be brought about, not by the continuous spectra of 
the meteorites themselves, but by the addition of the hydrocarbon 
Anting at 431 to the other hot and cold carbon bands in that pari of 
the spectrum. 

There are other grounds which may be brought forward to suggest 
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that the difference between comet* and the atari now under discussion 
in snore instrumental than physical. 

Supposing that the oometio nature of these bodies be conceded, 
laboratory work will eventually show us whioh Actings and lines 
will be added to the nebula spectrum upon eaoh rise of tempera* 
ture. 

The difficulties of the stellar observations mast always be borne in 
mind. It will also be abundantly clear that a bright Anting added to 
a continuous spectrum may produce the idea of a bright line at the 
sharpest edge to one observer, while to another the same edge will 
appear to be preceded by an absorption band. 

111. Start tcith Bright Fluting! accompanied by Bark Fluting*. 

I also showed in the paper to which reference has been made that 
the so-oalled “stars” of Class Ilia of Vogel's classification are not 
masses of vapour like onr sun, but really swarms of meteorites ; the 
spectrum being a compound one, duo to the radiation of vapour in 
the interspaces and the absorption of the light of the red- or white- 
hot meteorites by vapours volatilised out of thorn by the heat produced 
by collisions. The radiation is that of carbon vapour, and nemo of 
the absorption, I stated, was produced by the ohiof datings of manga- 
nese. 

These conclusions were arrived at by comparing the wave-lengths 
of the details of spectra recoi-ded in my former paper with those of 
the bauds given by D until' in his admirable observations on these 
bodies* 

The discovery of the oometic nature of the bright-line stars greatly 
strengthens the view I then pat forward, not only with Tegard to the 
presenoe of the bright dntinga of carbon, but with regard to the act ual 
chemical substances driven into vapour. Prom the planetary nebulae 
there is an undoubted orderly sequence of phenomena through the 
bright-line stars to those now under consideration, if successive stages 
of condensation are oonceded. 

I slpll return to these bodies at a later part of this memoir. 


IV. Stan in which Absorption Phenomena predominate. 

I do not suppose that thero will be any difficulty in recognising, that 
if the nebul», stars with bright lines, and stars of the present Class 
Ilia are constituted as I state them, all the bodies more closely 
resembling the sun in structure, as welt as those more cooled down, 
must find places on a temperature curve pretty much as I have placed 


* “X** Jfc°Ae» h Spectre* de Is troiiiinw cLuse.' 
-iksdemltw Hsadlingsr/ Bsad SI, Jfe. S, 1886. 


Kongl Svwuks Yetontlesp*. 
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them ; the origin of these group* being, first still further condensation, 
then the condition of maximum temperature, and finally the formation 
of a photosphere and crust. 

We shall be in a better position to discuss these later stages when 
the classifications hitherto suggested have been considered. 

Part II.— CLASsincATiost nrro Groups. 

I. Fobmwb Classifications or Stars. 

In the various classifications of the celestial bodies which have 
been attempted from time to time, nebulae and comets have been 
regarded as things apai t from the stars ; but from what I have stated 
in the first part of this paper, relating to the origin of the various 
groups of heavenly bodies, it is clear that it is not only unnecessary 
but unphilosophical to make such a distinction -, and, indeed, if any 
snoh separation were needed, such a result would seem to indicate 
that the line of evolution is by no means so simple and clear as it 
really seems to be. But although it is no longer necessary to draw 
this distinction, it is important that I should state the various spectro- 
scopic classifications which have been attempted in the oase of the 
stars. With this information before us, wo shall bo better able to 
see the definite lines on which any new classification must be based to 
include all celestial forms. 

Fraunhofer, Rutherford, and Seochi. 

Whon we inquire into the various labours upon which our present 
knowledge of the spectra of the various orders of “ stars ” is baaed, 
the first we come across are those of Fraunhofer, who may be said 
to have founded this branch of scientific inquiry in the year 

1814. 

Fraunhofer not only instituted the method of work whioh now is 
found to be the most effective, but his observations at that time were 
so excellent that he had no difficulty in finding coincidences between 
lines in the spectrum of the sun and of Venus. 

Fraunhofer's reference in his observations runs aa follows : — 

“ I have also made several observations on some of the brightest 
fixed stars. As their light was much fainter than that of Venus, the 
brightness of their spectrum was consequently still less. I have 
nevertheless seen, without any illusion, in the spectrum of the light 
of Sirius, three large lines, whioh apparently have no resemblance 
with those of the sun’s light. One of them is in the green, and two 
in the bine space. Lines are also seen in the spectrum of other fixed 
stars of the first magnitude ; but these stars appear to be different 
from one another in relation to these lines. An the object-glass of the 
telescope of the theodolite has only thirteen lines of aperture, these 
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experiments may be repeated, with greater precision, by means of an 
object-glass pi greater dimensions.”* 

He did not attempt to classify his observations on stellar spectra, 
but, as pointed out by Professor DuntSr (“ Sur les fitoiles & Spectres de 
la Troisiftme Classe,” p 3), those that he most particularly mentions 
are really remarkably diverse in their characteristics. 

In these researches Fraunhofer was followed by Rutherfurd, who, 
in the year 1863, was the first to indicate that the various stellar 
spectra which he had then observed were susceptible of being 
arranged into different groups. His paper was published in ' Silliman’s 
Journal’ (vol. 36, p. 71), and, after giving an account of the observa- 
tions actually made, continues as follows : — 

“ The star spectra present such varieties that it is difficult to point 
out any mode of classification. For the present, I divide them into 
three groups : — First, those having many lines and bands, and mostly 
resembling the sun, vis , Capella, /9 Geminorum, a. Orionis, Aldebaran, 
7 Leonis, Arvturus, and /9 PegasL These are all reddish or golden 
stars The second group, of which Sirius is the type, presents spectra 
wholly unlike that of the sun, and are white stars. The third group, 
comprising * Virginia, Rigel, & c,, are also white stars, but show no 
lines ; perhaps they contain no mineral substance, or are incandescent 
without flame ” 

Soon afterwards Secchi carried on the inquiry, and began in 1865 
by dividing the objects he had then observed into two types. These 
two types were subsequently expanded in 1867 into three (‘ Catalogo 
delle Stella di oui si d doterminato lo Spettro Luminoso,’ Secchi, 
Parigi, 1867) : first, white stars, like » Lyrso ; secondly, yellow stars, 
like Aroturus ; and thirdly, deeply coloured stars, like * Herculis 
and a Orionis. The order of these types was not always as stated, 
but I have not been able to find the exact date at which the order 
was changed (Dun6r, “ Sur les fttoiles,” p. 128). Secchi subsequently 
added a fourth type, in which the fiutings were less numerous 
There is little doubt that Secohi was led to these types not so much 
by any considerations relating to the chemical constitution of the 
atmospheres of these bodies, as in relation to their colours. His first 
classifications, in fact, simply separated the white stars from the 
coloured ones (see on this point 1 Le Scopirte Spettroscopiche,’ A 
Seochi, Roma, 1865). 

The fourth type inoladed, therefore, stars of a deeper red colour 
than those of the third, and Secchi pointed out that this change of 
colour was accompanied by a remarkable change in the spectrum ; in 
fact, of Seochi’s four types thus established, the first and second had 
* “ On the Refracti-re and Dispersive Power of Differed Specie* of Glass, with an 
Aooount of ths Lines which cross the Spectrum."— Fraunhofer, translated in * Bdin- 
burgh Philosophical Journal,’ toL 10, October to April, 18*8-84, p. 88. 
m xtir. o 
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line spectra and the third and fourth had fluted ones. At that time 
the important distinction to be drawn between lino- and fluted-spectra 
was not so well recognised as it is at present ; and further the relation 
of spectra to temperatnro was not so fully considered. Secchi, as a 
result of laboratory work, however, at once showed an undoubted 
connexion between the absorption flutmgs in the stars of the fourth 
type and the bright ones seen in tho spectrum or carbon under certain 
conditions; and although this conclusion has been denied, it has since 
been abundantly confirmed by Vogel and others (see Vogel, 1 Publica- 
tionen, Ac., Potsdam,’ No. 14, 1884, p 81). 

Relation to Temperature. 

At tho time that Secchi was thus classifying tho stars, the question 
was taken up also by Zollnor, who m 186.V first threw ont the sugges- 
tion tliat the spoctra might probably enable ns to determine some- 
what os to tho relative ages of these bodies ; and he suggested that 
the yellow and red light of certain Htara wore indications of a reduc- 
tion of temperature (ZOllner, ‘ Photometnsche Untersuchungen,’ 
p. 243). 

In 1868 this subject occupied tho attention of Angstrom with 
special reference to the contrasted spectra of lines and flutings. On 
this he wrote os follows, showing that temperatnre considerations 
might help ns in the matter of variable stars (‘ Itecherches sur lo 
Spectre solaire,’ Upsala, 1868):— 

“ D’apres les observations faites par MM. Secchi et Huggins, les 
raies d'absorption dans les Bpectres stellaires sont do deux esptees : 
che* Tune, le spectre est raye do lignes tres-fines, comma le spectre 
solaire ; chex l’autre, les raies constituent des groupes en tiers b espaoes 
eganx ou des bond os nnanedes. Ces demiers groupes appartiennent 
vraisemblablemont aux corps composes, et je mentionnorai, en par. 
ticulier, que ceux troav6s dans le spectre de a Orionis ressemblont 
fort aux bandes lumineuses que donne le spectre de l’oxydo de man- 
ganese. Suppose que ma th eerie soit juste, l'apparition de ces bandes 
doit done indiquer que la temperature de l’6toile eBt devenne asses 
basse pour que de telles combinaisons chimiques puis sent se former 
et se conserver. 

“ Entire oes deux limites de temperature ohex les 6toiles, limit©* qua 
l’on pent caract6riser pax la presence de l’une ou de 1’autre etp&oe 
des raies d’absorption, on pent s’imaginer aussi un dt&t intermMiaire, 
dans lequel les gaz oompoe6s peurent se former ou se dissooier, snivant 
les variations de temperature auxquelles ils sont assujettis par 1’action 
chimique mfime, Dans cette classe doivent probablement 6tre com- 
prises lea 4toiles dont I’intensitd de lomiisre varie plus ou moins 
rapidement, et avec one p4riodicit4 plus ou moins oonstante,” 

In the year 1873, 1 referred to this subject in my Bakerian Lecture 
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(‘ Phil Trans.,' vol. 164, 1874, p. 492), in which I attempted to bring 
to bear some results obtained in solar inquiries upon the question of 
stellar temperatures. 

I quoto the following paragraphs : — 

I. The absorption of some elementary and compound gases is 
limited to the most rcfrangiblo part of tho spectrum when the gases 
are rare, and creeps gradually into tho visible violet part, and finally 
to the red end of the spectrum, as the pressure is increased. 

II Both tho general and selective absorption of tho photospherio 
light are greater (and therefore the temperature of the photosphere 
of the sun is higher) than has been supposed 

III The lines of compounds of a metal and iodine, bromine, <fec., 
are observed generally in the red end of tho speotrum, and this holds 
good for absorption m the case of aqueous vapour. 

Such spectra, like those of tho metalloids, aro separated spectro- 
scopically from those of the metallic elements by their columnar or 
banded structure. 

IV. There are, in all probability, no compounds ordinarily present 
in tho sun’s revereing layer. 

V. When a metallic compound vapour, such os is referred to in 
III, is dissociated by the spark, the band spectrum dies out, and the 
elemental lines come in, according to the degree of temperature 
employed. 

Again, although our knowledge of the spectra of stars is lament* 
ably incomplete, I gather the following facts from the work already 
accomplished with marvellous skill and industry by Socchi, of Borne. 

VI. The sun, so far os the spectrum goes, may be regarded as a 
representative of class (/3) intermediate between stars (a) with much 
simpler spectra of the same kind, and stars (<y) with much more com- 
plex spectra of a .different kind. 

VII. Sirius, as a type of a, is (I) tho brightest (and therefore 
hottest P) star in our northern sky ; (2) tho blue end of its spectrum 
is open, — it is only certainly known to contain hydrogon, the other 
metallic lines being exceedingly thin, thus indicating a small propor- 
tion of metallio vapours ; while (3) the hydrogen line* in thi t ttar are 
enormously distended , showing that the chromosphere is largely com- 
posed of that element. 

Ther e are other bright stars of thiB class. 

VUI. As types of -y the red stars may be quoted, the spectra of 
which are composed of channelled spaces and bands, and in which 
naturally the blue end is closed. Hence the reversing layers of these 
stars probably oontain metalloids, or compounds, or both, in groat 
quantity ; and in their spectra not only is hydrogen absent, bat the 
metallio lines are reduced in thiokness and intensity, which in the 
light of V., ante, may indicate that the metallio vapours are being 
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< undated . It is fair to assume that these stars are of a lower tem- 
perature than onr sun. 

In the same yoar, in a lotter to M. Dumas, published in the 
' Comptes Rendus,’* I again pointed out that, if we consider merely 
the scale of temperature, a celestial body with flutings in its spectrum 
would be cooler than one which bad lines in its spectrum ; and I also 
pointed ont that, taking the considerable development of the blue end 
of the spectrum in white stars as contrasted with its feeble exhibition 
in stars like onr sun, we had strong presumptive evidence to the effect 
that the stars like » Lyra, with few lines in their spectra, were hotter 
than those resembling our sun, in which the number of lines was very 
nmch more considerable, and I added an inference from this: “plus 
une etoile est chaude, plus sou spoctre eat simplo.” This related 
merely, as I have said before, to the consideration of one lino of 
temperatnre. 


Vogel's Classification. 

In the year following my paper, the most considerable classification 
which has been put forwai-d of late yoara waa published by Dr. Vogel 
(‘Astr. Nachr,’ No. 2000), who, basing his work on the previous 
typos of Seochi, and also taking into account the inference I drew 
in my lotter to Dumas, modified Secohi's typos to a certain oxtent, 
but always along ono line of temperature, the leading idea being, as I 
gather from many remarks made in Duncr’s ndmirablo memoir, to be 
referred to presently, that the classification is based upon descending 
temperatures, and that all tho stars included in it are supposed 
at one time or other to have had a spectrum similar to that of 
«-Lyrao.t 

This classification is as follows . — 

• “ T1 semblo que plus one Etoile est obaude, plus son spectre est simple ot qua les 
element* m&alliques se font voir dans l’ordro do leurt poida stomiques. Ainu nous 
arons 

“ (1) Des 4 toil e* Iris brilluntes, oil uous ne voyons que l’bydrogine en qnanUK 
(norms, et le magnesium. 

“ (2) Des <toiles plus froides, coniine not re soled, oil nous trovons — 

H + Mg + N*. 

H + Mg + Ifa + Co, Fe, Ac , 
dsns ces ftoiles, pa* de mitelln.des. 

“ (3) Des ttoiles plus froides enoore, dans leaquelles tout let Elements mftalliqtiet 
tout sssocife, ob lours Ugnes ne sont plus visibles, et oil nous n’avons que les spectres 
des mjtalloldes et des oomposes 

“ (4) Plus uno etoile est Ag£e, plus l’hydrogdne libre disparalt ; sur la tern, nous 
ne'trouvons plus I’bydrogbne en llbertA" 

t “Car selon la thiorie il faudra que tit on tard'tontes las ttoOes de la premiere 
elasse devienaent de la seconds, et oelles-oi do la troisiime (Dundr.) 
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Cuss I. Spectra in which the Metallic Lines are extremely Faint or 
entirely Invisible . — The moat refrangible ports, blue and violet, are 
very vivid. The stars are white. 

(a.) Spectra in which the lines of hydrogen are very atrong. 

(6.) Spectra in which the lines of hydrogen are wanting. 

(e.) Spectra in which the lines of hydrogen and D s are bright. 

Class II Spectra in which the Metallic Lines are Numerous and very 
Visible . — The bine and violet are relatively weaker; in the red part 
there are sometimes faint bands. The colonr of the star is dear 
bluish-white to deep reddish-yellow. 

(a.) Speotra with numerous met&lho lines, especially in the yellow 
and green. The lines of hydrogen are generally Btrong, bnt never as 
strong os in tho stars of Class I. In some stars they are invisible, 
and then faint bands are generally seen in the red formed by very 
close lines 

(&.) Spectra in which besides dark lines and isolated bandR there ore 
several bright lines. 

Class III. Spectra in which besides the Metallic Lines there are 
numerous Dark Bands in all parts of the Spectrum, and the Blue and 
Violet are remarkably Faint . — The stars are orange or red. 

(o ) The dark bands are fainter towards the red. 

(b.) The bands are very wido, and the principal are fainter towards 
the violot. 

It is pointed out that if this classification be true, there must be 
links between all the classes given. Now it is perfectly obvious that 
if this classification includes in its view all the stars, and if there is 
a line of ascending as well as descending temperatures — that is to say, 
if some of the stars are increasing their temperatures, while others 
are diminishing them — the classification must give way. 

It is not difficult to see, in tho light of my communication to 
the Society of November 17th, that it has given way altogether, and 
principally on this wise. 

The idea which underlies the classification is that a star of Class I 
on cooling becomes a star of Class II, and that a star of Class II has 
as it were a choice before it of passing to Class Tlla or Class III6. 
Thus under certain conditions its spectrum will take on the appear- 
ance of Secclii’s third type, Class Ilia (Vogel) ; on certain 
other conditions it will take on the appearance of Secchi’s fourth 
type, Class III6 (Vogel) . There is now, however, no doubt what- 
ever that Sooohi’s Class Ilia represents stars in which the tem- 
perature is increasing, and with conditions not unlike those of the 
nebula— that is to say, the meteorites are discrete, and are on their 
way to form bodies of Class II and Class I by the ultimate vaporisa- 
tionof all their meteoric constituents. There is also no doubt that the 
star* included in Claw lllfe have had their day ; that their tempera- 
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turo hat boon running down, until owing to rednotion of temperature 
they ere on the verge of invisibility brought about by the enormous 
absorption of carbon in their atmospheres. 

Pechllle was the first to object to Vogol’s classification, mainly on 
the ground that Secchi’s types 3 and 4 had boon improperly brought 
together ; and my work has shown how very just his objection was, 
and how clear-sighted was his viow as to the true position of stars of 
Class III6. I give the following extract from his memoir — 

“ M. Yogel a propose uno classification suivant lea diveraes phases 
de refroidissement indiquucs par leg spectres, dans laquelle il fait des 
types III et IV de Secclii deux subdivisions d’une mf me olaase, 
Ilia et Illfe. Mais je trouve certainos difficnlt&j negatives contre 
cette classification relativement an rAle qu’y jone le III6. En offet, il 
cat admin qne 1o IV type de Secclii so distingue nettement da III 
type, non seulement par la position et la quantity des zones obscures, 
mais aussi par le fait tres-remarquable, quo les principales de ces 
zones sont bion definies et brusqnoment interrompnes dn o6te du 
violette dans le III type, dn cot& dn rouge dans le IV. Or, si 
le IV typo doit representor une des phases do refroidissement, par 
lesqnellos passent les fitoiles, on pout faire donx hyjwthiwes. La 
premi&ro est que lo spectre dn IV type soit co-ordonno an spectre 
dn III typo, de maniere qu’il ait des (jtoilos, qui passent de la phase 
repr^senUjo par le II type, il la phase reprfisentoe par le III type, et 
d’autros, qui passent directement du 11 type au IV. Mais cette 
hypothese est inadmissible. Car on commit do spectres ontrem6- 
diaires eutro le I et le II typo, ot entre lo II et III ; mais on ne oon- 
nait pas, a co que je sache, de spectres da II type tendant an IV. 
Resto done l’hypotlidse, qne la phase do rofroidissement, repr6sent4o 
par le spectre dn IV type, soit post^rieure il la phase ropr4sent4e par 
le III type, de manure qne les spectres des Stoiles passent du III au 
IV typo. Si ce passage se fait pen 4 pen, il devrait avoir des spectres 
entrem4diaires entre lo III et lo IV typo ; mats quoiquo Secchi par 
exomple le 17 Jan., 1868, ait determine le spectre de l’dtoile 273 
Schjell., comme semblant entremtSdiairo entre le III et le IV type, 
il l’a pins tard reconnu da IV typo/.et l’existence de spectres de III — 
IV type n’est nnllemout prouvtSo. On pourrait objector quo les 
etoilcs du IV type sent pen nombrenses et en g£n6ral si petites qne 
leurs spectres sont difficiles 4 voir, et que par consequent il pourrait 
y avoir parmi ces spectres quelqnes-uns, qui se rapprochassent dn 
III type. Mais je r£ponds 4 cette remarqno, qne les spootres du 
III— IV type, indiquant nne phase moins refroidie, devraient an oon- 
traire en general appartenir 4 des 6toiles plus grandee qne oelles avant 
des spectres dn IV type. Si on vent supposcr que le passage du III 
an IV type bo fas so snbitoment, on par nne catastrophe, pendant 
laquelle apparaissent des lignes brill antes, oettes supposition mfime 
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conatituerait one difference physique bien plus distinote entre le III 
et le IV type qu' entre le II et le III ; et le IV type reprdeenterait 
one phase bien distincto, la demi&re peut>6tre avant l’extinotion 
totale. Le rfile physique da IV type eat done enoore si mystdrieux, 
que j’ai cm ponvoir encore me conformer il l’exemple de d’ Arrest, en 
suivant la classification formollo de Seech i.” — C. F PeohUle, ‘ Expedi- 
tion Danoise ponr l’Observation da Passage do Venus, 1882,’ p. 25, 
(Copenhagen, J. H Schnltx, 1883). 

II. Proposed New Grouping or all Celestial Bodies according 
to Temperature. 

Having, then, gone over the vanons classifications of stars accord- 
ing to their spectra, I now proceed to consider the question of the 
classification of celestial bodies from a more advanced point of view. 
I pointed out in the year 1886 that the time had arrived when stars 
with increasing temperatures would require to bo fundamentally 
distinguished from those with decreasing temperatures, but I did not 
then know that this was so easy to accomplish os it now appears to bo 
(‘ Nature,’ vol 34, p 228) ; and, as I have already stated, when we 
consider the question of classification at all, it is neither necessary 
nor desirable that wo should limit ourselves to the stars ; wo must 
inolude the nebula) and comets as well. Stellar variability should 
not introduce any difficulties, seeing that os a rule in its extremest 
form it is the passage from one Bpcotmm to another, even if of a 
different type, owing to sudden changes of temperature. 

In the first classification on theso lines, which is certain to be modi- 
fled as our knowledge gets more exact, it is desirable to keep the 
groups as small in number os possible j the groups being subsequently 
broken np into sub-groups, or, even into speoies, as the various 
minute changes in spectra brought about by variations of temperature 
are better made out. 

For the purpose of making clear what follows, I here introduce 
from my paper of November 17th, the “temperature curve,” on which 
is shown the distribution of nebulas, comots, and of stars as divided 
into classes by Vogel, on the two arms of the ourve. 

On one arm of this we have those stages m the various heavenly 
bodies in which in each case the temperature is increasing, while on 
the other arm we have that other condition in which we get first 
vaporous combination, and then ultimately the formation of a crust 
due to the gradual cooling of the mass, in dark bodies like, say, the 
companion to Sirius. At the top we of course have that condition in 
which the highest temperature most he assumed to exist. 

To begin, then, a more general classification with the lowest tempe- 
ratures, it is known that the nebula and comets are distinguished 
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from most stars by the fact that we get evidence of radiation alone, 
or almost alone so far as we know. Absorption has been suspected in 
the spectra of some nebula,* and has been observed beyond all doubt 
in some oomets.f But there are some stars in which we also get 
radiation, accompanied by certain absorption phenomena. Bnt there 
is no difficulty in showing that nebula and comets are more speoial 
on account of their bright lines than on account of their absorption 
bands. I have already shown that in all probability the stars with 
bright lines are most closely allied with nobnla. Indeed, it seems as 
if they are very nearly akin to those condensations in nebula, showing 
an undoubted olivine and hydrogen spectrum, which gave them the 
appearanoe of resolvability, It seems, also, highly probable that 
future observations with instruments of great light- collecting power, 
will show that in nebulas, the spectra of which are recorded as 
continuous, lines including the remnants of some of the carbon 
flutings, which there is good reason to believe have already been 
traced in the spectra of bright line stars, are also present. From this 
point of vieyv, the various recorded observations of regions of different 
colour in certain nebulas acquire an additional interest. It is also 
clear that since the only real difference between comets and other 
meteor swarms of equal denseness is that the former are in motion 
round the centre of onr system, comets whether at aphelion or at 
perihelion will fall into this group. We may, therefore, form the first 
group of bodies which are distinguished by the presence of bright 
lines or flntings in the spectrum 

The great distinction between the first group and the second would 
be that evidences of absorption now become prominent, and side by 
side with the bright flntings cf carbon and occasionally the lines of 
hydrogen we have well-developed Anting absorption. 

The second group, therefore, is distinguished from the first by 
mixed flutings as well as lines in the spectrum. 

• “ Nebula [No. 117, 51 h. 82 M R A. 0 h 35 m. 5 3 ». ; N F D. 40° 64' 12T'. 
Very, very bright i Urge, round , pretty tuddenly much brighter in the middle]. — 
This (moll but bright oompemon of the great nebula m Andromeda present# a 
•peotrum exactly nunlar to that of 31 M [the great nebula in Andromeda]. The 
spectrum appear* to end abruptly in the orange , and throughout it* length is not 
uniform, but u evidently crowed either by line* of ab«orption or by bnght line*.”— 
(Hugguu, * Phil. Tran*.,’ vol. 1 54, p 441 ) 

t " A dark band wa» noticed at save-length B87D.”— (Copeland, “Comet IIL 
1881," ‘ Copemicu*,’ vol. 2, p. 228.) 

u May 20. — With none of the*e dupenion* could any bright band*, properly to- 
called, be dUtmgulihed ; but two faint broad dart band*, or what gave that 
imprewkm, crowed the tpectrum. ... A third dark band wa* eu* ported near 
D on the blue tide of that line.’’— (Maunder, “Comet a, 1882 (Well*),” ‘Gheenwich 
Spectro*oopic Observation*, ‘ 1882, p. 34 ) 

“The dark band* were obierved again, and their wave-length* meoaured ou 
May 81 .”— -(/WA, p. 85.) 
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The passage from the second group to the third brings ns to thoso 
bodies whioh are increasing their temperature, in which radiation and 
fluting absorption have given place to line absorption. 

At present, the observations already accumulated have not been 
discussed in such a way as to enable us to state very definitely the 
exact retreat of the absorption — by which I mean the exact order in 
which the absorption linos fade out from the first members to the lost 
in the group. We know generally that the earlier bodies will contain 
the line absorption of thoso substances of which we get a paramount 
fluting absorption in the prior group Wo also know gonerally 
that the absorption of hydrogen will increase while the other 
diminishes 

The next group — the fourth, bringg us to the stage of highest 
temperature, to stars like % Lyras ; and the division between this 
group and the prior ouo must bo more or less arbitrary, and cannot at 
present be definod. One thing, however, is quite clear, that no 
celestial body without all the ultra-violet lines of hydrogen discovered 
by Dr. Huggins can claim to belong to it 

We havo now arrived at the culminating point of temperature, and 
now pass to the descending arm of the curve The fifth group, there- 
fore, will contain those bodies in which the hydi-ogen lines begin to 
decreaso in intensity, and other absorptions to take place in conse- 
quence of redaction of temperature 

One of the most interesting problems of the future will bo to watch 
what happens iu bodies along the descending scalo, as compared with 
what happens to the bodies in Group 111, on tho ascending one. But 
it seems fair to assume that physical and chemical combinations will 
now havo an opportunity of taking place, thereby changing the con- 
stituents of the atmosphero ; that at first with every decrease of tem- 
perature an increase in tho absorption lines may bo expected, bnt it 
will bo nnhkely that the coolest bodies in this group will resemble the 
first one in Group III 

The next group, the sixth, is Hecchi’s typo IV, and Vogel’s Class IH6, 
its distinct characteristics being the absorption flutings of carbon. 
The species of which it will ultimately bo composed aro already appa- 
rently shadowed forth in the map which accompanies Dun£r’g volume, 
and they will evidently be subsequently differentiated by the gradual 
addition of other absorptions to that of carbon, while at the same 
time the absorption of carbon gets less and less distinct. 

To sum up, then, the classification I propose consists of the follow- 
ing groups • — 

Group I. — Radiation lines and flutings predominant. Absorption 
beginning in the last species. 

Group II — Mixed radiation and absorption predominant. 

Group III. — Line absorption predominant, with increasing tern- 
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perature. The various species will be marked by 
increasing simplicity of speotrum. 

Group IV — Simplest line absorption predominant. 

Group V. — Line absorption predominant, with decreasing tempera- 
ture The various species will bo marked by de- 
creasing complexity of spectrum 

Group VI. — Carbon absorption prciiomnumt 

Group VII. — Extinction of luminosity. 

It will be seen from the above grouping that thoro are several 
fundamental departures from previous classifications, ospocially that 
of Vogol. 

The presence of the bright Actings of carlion associated with dark 
metallic Actings in tho second group, and the presence of only absorb- 
ing carbon in the sixth, appears to bo a matter of fundamental 
importance, and to entirely invalidate tho viow that both groups (tho 
equivalents of Ilia and II 16 of Vogel) are produced from the samo 
mass of matter on cooling 

This point has alroody been dwelt npon by Pechule. 

Another point of considerable variation is the separation of stars 
with small absorption into such widoly different groups as the first 
ami fourth, whereas Vogel classifies them together on tho ground of 
the small absorption in the visible part of the Bpcctrum. But that 
this classification is unsound is demonstrated by the fact that in these 
stars, such us 7 CnsBiopoire and ft Lyrai, wo have mtenBO variability 
We have bright hydrogen linos instead of inordinately thick dark 
ones ; and on other grounds, which I shall take a subsequent 
opportunity of enlarging upon, it is clear that the physical conditions 
of these bodies must bo ae different os they pretty woll can bo. 

It will be seen also that, with our present knowledge, it is very 
difficult to soparate those stars tho grouping of which is dotermined 
by line absorption into the Groups III and V, for tho reason that 
so far, seeing that only one line of temperature, and thut a descending 
one, has boon considered, no efforts have been made to establish the 
necessary criteria. I noted this point in tho paper to which I have 
already referred in connexion with tho provisional curvo. 


Past III — Sub-Groups and Spfcies of Grout I. 

I Sub-Group Nroulas. 

Having, in the preceding part of this memoir, attempted to give a 
general idea of that grouping of celestial bodies which in my opinion 
best accords with our present knowledge, and which has been based 
upon the assumed meteorio origin of all of them, I now prooood to 
test the hypothesis further by showing how it bean the strain put 
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apon it when, in addition to famishing ns with a general grouping, it 
is used to indicate how the groups should be still further divided, and 
what specific differences may be expected. 

The presence or absence of carbon will divide this group into two 
main sub-groups. 

The first will contain those nebula in which only the spectrum of the 
meteoric constituents is observed with or without the spectrum of 
hydrogen added. 

It will also contain those bodies in which tho nebula spectrum gets 
almost masked by a continuous one, such as Comets 1866 and 1867, 
and tho great nebula in Andromeda. 

In the second sub-group will be more condensed swarms still, in 
which, one by one, new linos are added to the spectra, and carbon 
makes its appearance ; while probably the last species in tins sub- 
group would be bodios represented by ^ Cassiopoi®. 


Species of Nebvlw. 

I have elsewhero referred to the extreme difficulty of spectro- 
scopic discrimination in the case of the meteor swarms which are pst 
passing from the first stage of condensation, and it may well be that 
we shall have to wait for many years before a true spectroscopic 
classification of tho various aggregations which I have indicated, can 
be made. 

It is clear from what has gone before that in each stage of evolu- 
tion there will be very various surfaces and loci of collision in certain 
parts of all the swarms, and we have already seen that oven in the 
nebulosities discovered by Sir Wm. Herschel, which represent possibly 
a very inchoate condition, there are bright portions here and there. 

If the conditions are such in the highly elaborated swarms and in 
the nebulosities that the number of collisions in any region per cubic 
million miles is identical, tho spectroscope will give ns the same 
resnlt. In the classification of the nebulae, therefore, the spectro- 
scope must cede to tho telescope when the dynamical laws, which 
must influence the interior movements of meteoric swarms, have been 
fnlly worked out. The spectroscope, however, is certainly at one with 
the telescope in pointing out that the so-called planetary nebulae are 
among the very earliest forms — those in which the collisions are most 
restricted in the colliding regions. The colour of theso bodies is blue 
tinged with green ; they do not appear to have that milkiness which 
generally attaches to nebulae, and the bright nebulous lines are seen 
in some oases absolutely without any trace of continuous spectrum. 
In higher stage* the continuous spectrum comet in, and in higher 
stages still possibly also the bands of carbon; for in many cases 
Dr. Hoggins in his important observations has recorded the weakness 
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of the spectrum in the rod, or in other words the strengthening of 
the speotrum in the green and blue, exactly where the carbon 
bands lie 

But in all the bodies of Group I which possess forms visible to os 
in the telescope, it would seem proper that their classification should 
depend mainly — at present at all events — upon their teleacopio ap- 
pearance, and there is very little doubt that a few years’ labour with 
the new point of viow in the mind of observers aimed with sufficient 
optioal power, will enable us to make a tremondous stride in this 
direction ; but it seems already that this must not be done without 
spectroscopio aid. For instance, if what I have previously suggested 
as to the possible origin of the planetary nebulas be occopted, it is 
dear that in those whioh give us the purest Bpectrum of lines — one in 
which there is the minimum of continuous speotrum — wo find the 
starting point of the combined telescopic and spectroscopic classifica- 
tion, and the line to be followed will be that in which, ceeteris paribus, 
we get proofs of more and more condensation and, therefore, more 
and more collisions, and therefore higher and higher temperatures, 
and therefore greater complexity in the spectrum until at length 
“ stars ” are reached. 

When true stars are reaohed those in a cluster may appear nebulous 
in the telescope in consequence of its distance ; the spectroscope must 
give ns indications of absorption 

It lg not necessary in this connexion, therefore, to refer to un- 
doubted star clnsters, as the presence of absorption will place them 
in another group ; but tho remark may bo made that it is not likely 
that future research will indicate that new groupings of stars, such 
as Sir Wm. Herschel suggests m his paper on the breaking up of the 
Milky Way, will differ in any essential particular from the successive 
groupings of meteorites whioh are watched in the nebulas. Space 
and gravitation being as they are, it is not necessary to assume 
that any difference of kind need exist in tho groupings formed by 
stars and meteoric dust ; indeed there is much evidence to tho con- 
trary 


II. Scb-Gboui 1 . Brioht-mse Stars. 

It might appear at first Bight that the distribution of bright- 
line stars among various species should be very easy, since a constant 
rise of temperature should bring out more and more lines, so that 
species might be based upon complexity of spectrum merely. 

But this is not so, for the reason that the few observations already 
recorded, although they point to the existence of carbon bands, do not 
enable us to say exactly how far the masking process is valid. Henoe 
in the present communication I content myself by giving some details 
relating to masking, and the results of the discussions, so far as they 
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have gone, in the cose of each a tar. I shall return to the lino of 
evolntion of these bodies in a later paper 

Marking of Radiation Effect t produced by Variationt of Literepaeing 

I have already stated that carbon bands are apt to mask the appear* 
atico of other spectral phenomena in the region of the spectrum in 
•which they lie. In this way we can not only account for the apparent 
absence of the first manganese fluting, while the seoond one is visible, 
bat it is evon possible to nse this method to determine which bands 
of carbon are actually present. There is another kind of masking 
effect produced in a different way, and this shows itself m connexion 
with sodium. It is well known that when the temperature is low, D 
is seen alone, and if aeon in connexion with continuous spectrum the 
continuous spectrum is crossed by cither dark or bright D, according 
to the existing circumstances 

I showed some years ago that the green line of Bodinm (but not the 
rod one) is really visible when sodium is burned in the bunson burner. 
It is, however, very mnoh brighter when higher temperatures are used, 
although when bright it does not absorb m the way the lino D does 

Now, if we imagine a swarm of meteorites such that in the line of 
sight the areas of meteorite and interspace are equal, half the area 
will show D absorbed, and the other half D bright; and in the 
resulting spectrum D will havo disappeared, on account of the 
equality, or nearly equality, of tho radiation added to the absorption 
of the continuous spectrum. The light from the interspace just fills 
up and obliterates the absorption. 

But if the temperature is such that the green line is seen as well as 
D ; in consequence of its poor absorbing effect there will be no dark line 
corresponding to it in the resulting spectrum, but tbo bright green 
line from the interspace will bo superposed on the continuous spec- 
trum, and we shall get the apparently paradoxical result of the green 
line of sodium visible while D is absent. This condition can be partly 
reproduced in the laboratory by volatilising a small piece of sodium 
between the poles of an electric lamp The green line will be seen 
bright, while D is dark. 

In the bodies in which these phenomena apparently occur — for so 
far I have found no other ongin for tho lines recorded as 569, 570, and 
571, tho wave-length of the green sodium line being 5687 — such as 
Wolf and Bayet’s three stars in Cygnus and in <y Argfls, the continu- 
ous variability of D is one of the facts most dearly brought out by 
the observations, and it is obvious that this should follow if from any 
cause any variation takes plaoe in the distance between the mete- 
orites. 

In all meteoric glowB which have been observed in the laboratory, 
not only D but the green line has been seen constantly bright, 
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while we know that in Comet W ells moat of the lnminoeitjr at a certain 
stage of the comet’s history was produced by sodium. It is therefore 
extremely probable that the view above pnt forward must be taken us an 
explanation of the absence of D when not Hecn, rather than an abnor- 
mal chemical constitution of the meteorites— that is to say, one in 
which sodinm is absent. This may even explain the fact that up to 
the present time the D line of sodium has not been recorded in the 
spectrum of any nebula. 

— In the lecture tho author horo referred to the spoctrum of 
a Coti, as photographed by Professor Pickering for the Henry Draper 
Memorial, the slide having been kindly placed at his disposal by the 
Oounoil of the Royal Astronomical Society, All the bright hydrogon 
lines in the violet and ultra-violet are shown in the photograph, with 
the exception of tho one which is nearly coincident with H Tho 
apparent absence of this line is in all probability due to the masking 
effect of the absorption line of calcium. In this case, then, it appears 
that the calcium vapour nos ontside the hot hydrogen, and this there- 
fore was being given off by the meteorites at the time. — April 18 ] 

Detailed Discussions of the Spectra of some ItrighUlinc Stars. 

These things then being premised, I now submit some maps to the 
Society illustrating this part of the inquiry, although it will lie some 
time before my investigations on the bright-line stars are finished 
These maps will indicate tho way in whioh tho problem is being 
attacked, and the results already obtained. To help ns in the work 
we have first of all those lines of substances known to exist in 
meteorites which are visible at the lr>west temperatures which we can 
command in the laboratory. W o have also the results of the carbon 
work to whioh reference was made in the provions paper ; and then 
we have the lines whioh have boen seen, although their wave-lengths 
have in no case been absolutely determined in consequenoe of the 
extreme difficulty of the observation, both in stars and in oomets, 
which I hold to be almost identical in structure. 

In the case of each star the lines which have boon recorded in its 
spectrum are plotted in the way indicated in the maps. The general 
result is that when we take into account the low temperature radia- 
tion, which we learn from the laboratory work, not only can we 
account for the existence of the lines which have been observed, but 
apparent absorptions in most cases are shown to be coincident with 
the part of the spectrum in front of a bright fluting, 

A continuation of this line of thought shows us also that, when in 
these stars the spectrum is seen far into the bine, the luminosity 
really proceeds first from the oarbon fluting, and in the hotter stars, 
from the hydrocarbon one, whioh is still more refrangible, in addition 
In the stars which have been examined so far, the dark parte of the 
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spectrum, whioh at first sight appear due to absorption, are shown to 
be most likely eaossd by defect of radiation in that part of the 
spectrum between the blue end of the continuous spectrum from the 
meteorites, and the bright band of carbon. 

All the observations, it would appear, can be explained on the 
assumption of low temperature. 


Note* on the Map*. 

<y Argue. — R.A. 8h. 5 m. 56 s., Dec. -46° 59-5'. Respighi and 
myself observed the bright lines in the spectrum of this star at 
Madras in 1871. No measurements were made of the wave-lengths 
of the lines, whioh were observed by Ellery at Melbourne in 1879, and 
given as 5760, 5648, and 4682. Other bright lines were suspected. 

Copeland examined and mapped the spectrum of this star while in 
the Andes in 1888. His wave-lengths are 580-9, 566-8, 464-6, and 
a fainter line at 690. The continuous spectrum extends from 420 to 
675, the lines being seen bright on this, but no mention is made by 
either Ellery or Copeland of absorption of any kind. The bright lines 
at 590 and 566'S are most probably the lines of sodium, 5890 — 95 and 
5687 ; the 580'9 line is probably the 579 strongest low-temperature 
line of iron ; and the 468 (464'6 Copeland) is due to the carbon fluting, 
which has its maximum intensity at 468, the other carbon flutings at 
517 and 564, being rendered invisible to Copeland by the bright con- 
tinuous spectrum, although Ellery’s measurement of 564-8 is most 
probably the carbon band at that point. The 517 carbon may have 
been seen by Ellery, for although no measurements are given ho saw 
other bright lines or spaces. The dark band 474 to 486 seen in the 
Cygnns stars, Argelander-Oeltsen 17681, and Lalande 13412, being 
due to the shortness of the continuous spectrum, and the appearance 
of the carbon band beyond the bine end, is not seen in this star, 
beoause it has a long continuous spectrum. 

The bright lines seen in it are due to low temperature sodium and 
iron, and to carbon flutings on a bright continuous spectrum. 

Respighi’s observations are given in ‘ Comptes Rendus,’ vol. 74, 
p. 516 ; Ellery’s results are given iu a letter to ‘ The Observatory ’ 
voL 2, p. 418; Copeland’s are published in 1 Copernicus,’ vol. 3, 
p. 204. 

Ar grander- Oeltuen 17681. — Two observers have examined and 
mapped the spectrum of this star, Dr. Vogel at Potsdam, and 
Professor Pickering at Harvard College. Both give the wave-lengths 
of the linos observed, while in addition Dr. Vogel publishes a sketch 
of the spectrum as it appeared to him. 

Vogel’s strongest lias is at 581- This Pickering measures *s 

TOC. XUV. D 
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£80 — 585, evidently when using a wide slit, while in a later aoconnt of 
his observations he fixes the wave-length at 580. The line is 
probably 579, the strongest line of iron at a low temperature. Vogel 
mentions a bright band extending from 470 to 461 with a maximum 
between these limits. Pickering measures this as commencing nt 
473 This band is evidently the bright band of carbon commencing 
at 474, with a maximum about 468 as observed and photographed at 
Kensington. Between this band and 486 Vogel has shown a dark 
band m the spectrum. This appearance is duo not to any absorption 
but to the continuous spectrum being short, ending evidently at 486, 
while the bright carbon appearing beyond this in the blue, leaves 
a dark band duo to absence of radiation. 

Vogel has not noticed any other bright lines, but Pickering “sus- 
pected” a brightening at 540. This would be the only line of 
manganese which appears in the bnnsen burner Vogel may have 
notiood this line and yet not given any wave-length of it in his list, 
jnst as he indicates one bright line in find Cygnns, and two bright 
lines in 3rd Cygnus in his light curves of those stars, without men- 
tioning them in any list of bright lines observed. 

Pickering suspected the presence of several other lines, but was 
unable to obtain any measurements of them. 

Vogel’s results are given in the ‘ Pnblicationon des AstrophyBikal- 
isoben Observatorinms »u Potsdam,’ vol. 4, No. 14, p. 15, and in the 
sketch at the end of that number. 

Pickering’s are in 1 The Observatory,’ vol. 4, p. 82 ; the • American 
Journal of Science and Art,' No. 118, 1880; ‘ Copernicus,’ vol 1, 
p. 86 ; and * Astronomisohe Naohriohten,’ 2376. 

Lalande 13412— Both Vogel and Pickering have observed the 
spectrum of this star and have measured the wave-lengths of the 
bright lines. 

Vogel gives a sketch of the spectrum as well as a list of wave- 
lengths 

Vogel mentions a dark band at the bine end of the spectrum, and 
gives the wave-length in his sketch as from 486 to 473. 

Both observers measure the bright 486 hydrogen (P) line. 

Vogel measures a bright line at 540, while Piokering’s measure is 
545, but Pickering in another star, Arg -Oeltsen 17681, has measured 
a line at 540, so there can be little doubt that is the correct wave- 
length. 

Vogel measures a line at 581, but this has not been noticed by 
Pickering. 

The bright part of the spectrum extending from 473 towards the 
bine with its maximum at 468 is, I would again suggest, the carbon 
hand appearing beyond the ooutinuous spectrum, the rest of the carbon 

d 2 
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being cut out by the continuous ipoctrum, although 564 asserts 
itself by a brightening of the spectrum at that wave-length in Vogel's 
sketch, and by a rise in his light curve. 

The line at 540 is the only line of manganese visible at the tem- 
perature of the bunsen burner, while the 581 measurement of Vogel 
is in all probability the 579 line, the strongest line of iron visible at 
low temperatures. 

In this star, therefore, we have continuous spectrum from the 
meteorites, and carbon bands, one of them appearing beyond the con- 
tinuous spectrum in the blue as a bright band; bright lines of 
hydrogen, manganese, and iron being superposed on both. There is 
no absorption of any kind, the apparent dark band being duo to 
defect of radiation, as in Argolander-Oeltzen 17681. 

Vogel’s results are givon in the * Publieationen des Astrophysik- 
alischen Observatoriums *n Potsdam,' vol 4, No. 14, p. 17. 

Pickering's are published in the ‘ AstronomiBche Nachrichten,' 
No. 2376 ; 4 Science,’ No. 41 ; and quoted in 4 Copernicus,’ vol. 1, 
p 140. 


1st Oygnus. — B.D. + 35°, No. 4001.— Tho spectrum of this star 
was observed by Messrs. Wolf and RAyet in 1867, bnt no measure- 
ments of the positions of the bright lines wore then pnblished. Tn 
the same paper, however, they give the measurements of tho positions 
of the bright lines in 2nd Cypius (B.D. + 35*, No. 4013) which 
they observed about tho same time, and since the bright lines were 
similar in these stars, the wave-lengths 581, 573, 540, and 470, may 
be taken as indicating the positions of tho lines in 1st Cygnns. They 
also observed dark Bpaces between 470 and 486, and on the bine Bide 
of 573. 

Dr. Vogel, of Potsdam, examined the spectrum of this star, and 
has published his results iu three ways, as a list of bright lines 
given in wave-lengths ; as a sketch of the spectrum as it appeared to 
him, and as a curve showing the intensity of the light throughout 
the speotrnm. 

His wave-lengths we 583, 571, 541, 486 (hydrogen P) for lines, 
and a bright band from 470 to 465, with its maximum at 468. 

The sketch confirms these lines, while the light carve adds three 
others to them at wave-lengths 507, 527, and 558. He also gives an 
absorption-band between the 486 line and 470 band, and in his 
■ketch gives a darkening on the blue side of 570, this being also 
indicated in the light curve. These dark spaces agree with the dark 
spaoea observed by Messrs. Wolf and Rayet. 

The bright band, with its maximum at 468, is the bright oarbon 
fluting oommenouig at 474, and extending towards the blue with its 
maximum at 468, as photographed at Kensington, and the dark space 
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between this and the 486 line is not due to absorption of the light 
from the meteoritee by any vapour around them, bat rather to the 
absence of any radiation except that from the meteorites themselves 
at this part of the spectrum. 

The carbon at 564 raises the curve at that point, and this bright- 
ness with the bright 570 line produces the appearance of a dark 
space between those wave-lengths, the band being simply djue to the 
contrast of a bright Anting and a bright line lying some distance 
apart on a faint continuous spectrum. There is therefore no 
absorption of any kind in this star, all the dark bands being duo to 
absence of radiation. 

Of the bright lines two, the >540 and the 558, arc due to manganese, 
540 being the manganese line visible in the bunsen, while 558 is tho 
strongest of the low temperature flutings of manganese. The line 
at 581, or thereabouts, is most probably tho strongest low temperature 
line of iron. The lino at 569 is most probably the green sodium 
line, while the 486 line is assigned by Vogel to hydrogen. The faint 
line at 507 has been observed in the Aamo spectra of several meteor- 
ites, and is in the exact position of the strongest line of cadminm 
at the temperature of the bunsen burner 

This star, therefore, gives n spectrum, which is short and faintly 
continuous, dne to radiation of meteorites, but Las light from carbon 
added, with a separate band appearing in the blue ; while the strongest 
low-temperatnre lines of manganese, iron, and cadminm, with a 
strong manganese Anting, and the green sodium line, appear bright 
on the continnons spectrum. There is no absorption of any 
kind. 

Wolf and Rayet’s discovery of bright lines is recorded in * Compton 
Rendus,’ vol. 65, p. 292, and oonArmed in vol. 68, p. 1470, vol. 69, 
pp. 39 and 163. Vogel’s observations are given in the * Publicationen 
des Asfcrophysikalischen Observatorinms sn Potsdam,’ vol. 4, No. 14, 
p. 17, and shown in a sketch at the end of that number 

2 wd Gygwu.— B.D. + 35°, No. 4013.— Messrs. Wolf and Rayet, in 
1867, Arst observed the spectrum of this star, and measured tho 
positions of the bright lines. Micrometer readings and reference 
lines are given by them from which a wave-length curve has been 
constructed. The wave-lengths of the bright lines in the star thus 
ascertained are: 581 (7), 573 (fi), 540 («), and 470 («); tho 
relative intensities being shown by the Greek letters. They state 
that: 1 — 

“ I* ligne /9 est snivie d’nn espace obecnr ; nn antra espaoe trie- 
sombre pricide a." 

Vogel afterwards examined the spectrum, measured the positions 
and ascertained the wave-lengths of the bright lines, drew a sketch 
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of the spectrum as it appeared to him, and a curve showing tho 
variation of intensity of the light throughout the spectrum. 

The wave-lengths given by Vogel are 582 and 570, and a band 
with its brightest part at 464, fading oS in both directions and 
according to the sketch having its red limit at 473. In the light 
curve Vogel not only shows the 582 and 570 lines, but also bright 
lines in positions which by a curve have been found to correspond to 
wave-lengths 540 and 636. Vogel indicates in his sketch a dark 
baud extending from 486 to tho bright band 473, and an apparent 
absorption on the blue side of tho 570 line, this absorption being 
ended at 564. These two bands agree in position with the dark 
spaces observed by Messrs. Wolf and Rayct The bright band in the 
bine at 473 is most probably the carbon band appearing bright upon 
a faint continuous spectrum, this producing tho apparent absorption 
from 486 to 473. If the bright carbon really accounts for the appear- 
unce of a (contrast) dark band between the bright 570 and 564 in this 
star, all tho apparent absorption is explained as duo to contrast 
of bright bands on a fainter continuous spectrum due to red-hot 
meteorites. 

The line at 540 is the only line of manganese visible in the bunsen 
burner, and the 580 line is the strongest low-temperature iron lino. 
The 570 lino is moBt probably the green sodium line 569, tho absenco 
of the yellow sodium being explained by the half-and-half absorption 
and radiation mentioned in the discussion of the causes which mask 
and prevent the appearance of the lines in a spectrum. 

The line at 636 is in the red just at the end of the continuous 
spectrum, and as yet no origin has been found for it, although it has 
lieen observed as a bright line in the Limerick meteorite at tho 
temperature of the oxyhydrogen blowpipe. 

This star therefore gives a continuous spectrum due to radiation 
from meteorites, and on this we get bright carbon (with one carbon 
hand appearing separate as being boyond the continuous spectrum 
in the blue), with bright lines of iron, manganese, sodium, and 
some as yet undetermined Bubetanoo giving a line at 636 in the oxy- 
hydrogen blowpipe. 

Wolf and Rayot’s results are givon in the ‘ Comptcs Rondos,’ 

vol. 65, p. 292. 

Ur. Vogel’s are from the * Publicationen des Astrophysikaliaohon 
Observatorinms xu Potsdam,’ voL 4, No. 14, p. 19. 

3rd Oygnus . — B.D. -f 36°, No. 3956. — This is one of the three stars 
observed by Messrs. Wolf and Rayet, in 1867, as having bright lines 
in their spectra, but they do not give measurements of the wave- 
lengths of the lines. They give, however, lines at 581, 573, 540, and 
470, as present in 2nd Cygnus, so we can reasonably infer these wave- 



Mr. J. N. Lockyer. On the Claeei/ication [Apr. 12 r 






43 


1888.] of the various Species of Heavenly Bodies . 

lengths are fairly oorreot for this star, especially as Dr. Vogel’s 
measurements of the bright lines are 582 and 569 with a bright band 
commencing at 468. Vogel, in addition to his wave-lengths, also 
gives a sketch of the spectrcra in which he showB the bright 540 line; 
and a light ctxrvo showing the variations of the intensity of the light 
throughout the spectrum, in which curve he indicates all the lines 
above-mentioned, and an additional bright line at 636. 

The sketch shows also a dark band in the spectrum from about 
488 to 473, another from 553 to 556, and a third on the blue side of 
570 extending from that line to 564. These dark spaces are confirmed 
in the light curve, and two of them, 488 to 473, and 570 to 564, agree 
with the dark spaces observed by Messrs. Wolf and Rayet in 2nd 
Cygnus. 

The bright band at 470 is the carbon band in the blue commencing 
at 474, with its maximum at about 468, as observed and photographed 
at Kensington, and between this and 488 is the dark space which is 
most probably due to absence of radiation rather than to any 
absorption. The carbon at 517 asserts itself by a rise in the light 
curve at that point, while the 5G4 carbon is also seen to produce a 
sudden rise in the curve 

The 564 carbon and the 558 manganese fluting uniting produce 
a bright band of light between those wave-lengths, and this 
on the faint continuous spectrum produces an apparent dark 
space on each side, thus accounting for the dark appearances 
at 554 — 557 and 564—570, these being contrast appearances 
only and not absorption bands. The 540 line is tho manganese 
line seen in the bunsen burner. The line at 570 is moat pro- 
bably the green sodium line, the yellow sodium being rendered 
invisible by the half-and-half absorption and radiation masking pre- 
viously mentioned. The 580 line is most probably the strongest low- 
temperature line of iron, 579 j while the 636 line has been seen m the 
Limerick meteorite when heated in the oxyhydrogen flame, although 
its origin has not yet been determined. 

In this star, therefore, we have continuous spootrnm from the 
meteorites; carbon bands at 474, 517, and 564, rendering them- 
selves apparent in the light curve ; the low-temperature manganese 
line and the strongest manganese Anting ; the low- temperature iron 
lino, the groen sodium, and a line the origin of which is unknown, 

appearing bright. There is no absorption. 

Vogel’s results are given in the ‘ Publicationen des As trophy sikal- 
iachen Obeervatoriums su Potsdam,’ vol. 4, No. 14, p. 19. 

7 Gauiopeiet . — Secchi at the very oommenoement of his work at 
stellar spectra noticed the bright lines in the spectrum of this star. 
He reoords the presence of bright lines of hydrogen and of the bright 
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D s line. (‘Bull. Metoorol. du College Romain,’ 81 Juillet, 1863* 

p. 108.) 

Vogel on June 19th, 1872 observed a bright line in the greenish- 
bine 486, and one in the yellow which ho assumes to be D s . An 
absorption band was also noticed in the rod, but its wave-length was 
not determinod. (‘ Both Beob ,* Heft 2, p. 29.) 

Great stress was laid on tbo fact that tho bright lines died out 
between 1874 and 1883, when they wore obsorvod by Gothnrd, but on 
December 26th, 1879, C was noted as “ superbly visible ” by Lord 
Lindsay, J. G. Lohse and Dr. R, Copland, and two bright lines, one 
evidently F, observed on October 28th, 1877. No mention is mode of 
C in the records of tho observation (‘Monthly Notices of the R. 
Astron. Soo.,’ vol. 47, p 92 ) 

Konkoly examined 7 Cass, (and p Lyra) repeatedly between 1874 
nnd 1883, without seeing bright linos; Gotbard repeatedly examined 
both stars after the antamn of 1881, but saw no trace of bright lines 
until 1883. (‘ Astr. Nacht ,’ 2581.) 

The Greenwich observations for October 1st, and November 2lBt, 
1880, December 7th, 1881, and November 16th, 1883, show the F line 
bright. No mention is made of bright D s or C, but only F was being 
need to measure velocity in lino of sight, and bo tho others may not 
have been particularly noted. 

Gothard, in ‘ Astr. Nachr.,’ No. 2539, records his observations on 
August 20th, 1883, when C, F, D a , and tho absorption band at 
633 were visible. 

Konkoly took up this work at once, and in the O’Gyalla Observa- 
tions we find two sketches of the spectrum as seen by him. In the 
first 0 and F are bright linos sharply dofined. D g is seen as a bright 
line, while between D s and F is a bright patch of light extending 
from near 520 to 560. This seems to bo absent in the second 
spectrum, whilo dark b lines and dork D are addod as well as bright 
hydrogen G with a dark line noar it. 

Sherman at Tale Colloge Obsorvatory reoords all tho bright lines 
previously observed and many others in addition, but while dark lines 
are recorded by him, D and b are not mentioned. 

Gothard (‘Astr. Nachr.,’ No. 2881) has observed H«, H/9, and 
H«y as dark line* in /9 Lyra, and afterwards as bright lines. 

Sherman’s observations, in which no montion is made of dark D 
lines, are of extreme interest, indicating as thoy do that the sodium 
line absorption was masked by tho bright radiation of manganese, 
which produces a bright fluting almost exactly in the position of 
D s . Gothard, in 'Astr. Nachr,’ No. 2581, records tho fact that 
the dark sodium linos became visible only when D g had ceased 
to be seen as a bright line. Later on in the same paper, however, 
he records bright D s and dark D in /9 Lyra, and Konkoly, in 
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vol. 6 of the O’Gyalla Observations, records the same m 7 Cassiopeiap. 
When we consider the groat variations in brightness of D s in these 
stars and the groat changes in the conditions of the radiating 
meteorites and their atmospheres, indicated by these changes of 
brightness, these apparently discordant results are not so difficult to 
understand An increase in the nnmber of meteorites containing Mn 
wonld cat out all tho D absorption and brighten 1) 3 ; an increase of 
sodium and a decrease of Mn wonld cause the D dark lines to assert 
themselves, while the condition of bright l) g and dark J) is obtained 
by increased quantities of Mn and Na vapours produced by collisions.* 

Sherman does not record dark b lines, although Konkoly observed 
them several times. Sherman, however, saw the bright carbon at 
517, which wonld completely mask tho b lines. It seems possible 
Konkoly saw this bright carbon, and by contrast with the snrronnding 
spectrum, imagined he saw the dark “ b ” lines — at any rate no other 
observer has recorded dark l 

Sherman saw the magnesium 500, while neither Konkoly nor 
* Konkoly'* D» extend* quite up to D dark and teem* more like a fluting than a 
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Gothard noticed it ; wo after all it may be probable that Konkoly’s 
rocord of magnesium absorption at b was right, and that in Sherman’s 
observation it was masked by the carbon band. 

Sherman, in ‘ Astr, Nadir.,’ No. 1707, gives a list of fifteen bright 
liuos in 7 Cassiopeia), tho wave-lengths of which ho has determined as 
accurately as possible He says, “the difficulties of the observation 
and the roughness of tho recording apparatus have hindered the 
completely satisfactory identification of the lines. Assuming the 
position of the hydrogen lines and I) 3 , and on their basiB constructing 
a curve connecting scale-reading and wavo-length, tho moan of mmi 
observations upon 7 Cassiopoiso affords the following approximate 
•wave-lengths.” (Sec map ) 

The lino m the yellow being assumed as it, at 5875, instead of tho 
5870 manganese, causes an error running all through tho measurements, 
but not sufficient to invalidate any conclusions based on the corrected 
wave-lengths. 

Tho hydrogen lines seen tiro C, F, hydrogen G, and k Wo hnvo 
the manganese at 558 and 58C (D s ), tut well as the low-temperature 
line (bunsen) at 540. Iron is represented by lines at 527, 579, and 
61G, thoso being tho stiongcst low-tom peratnre lines. Magnesium is 
responsible for tho 500 line while tho carbon accounts for the 517, 
thim leaving only the <>36 and tho 463 lines unaccounted for. 

Tho line at 636 has been scon in tho Limerick meteorite, although 
its origin has not yet Ikjoii determined, while tho 403 lmo is bright ui 
It Gominorum, but has up to the present not been detocted m any 
experiment with meteorites. In tho spectium of the first of Wolf 
and Rayet’s stain in Cygnus (H I). 35 a , No 4001), Vogel lias observed 
the manganese linos at 540 and 558, the iron lines at 527 and 579, 
and tho hydrogen F, all of which arc present 111 7 Cassiopeiae, the 
only additional lines seen in 1st Cjgnus boiug the sodium green, 569, 
and cadmium, 507. 

On the Sequence of Temp future of the Stars in Cygnus 

The three “ bright lino stars ” in Cygnus, discovered by MM. 
Wolf and Hayet in 1867, present differences in thoir spectra, which 
raise some very interesting questions for discussion. Wolf and Rayet 
did not obsorve any great differences in tho spectra, simply recording 
the fact that tho second star gave the lines most brilliantly; bnt 
Dr. Vogel has, in his investigations, brought out very strikiug ones. 

Thus the first of these stars, B.D + 35°, No. 4001, has sevon bright 
lines in its spectrum, as shown on his light curve, bosides tho bright 
hand at 468. One of tho bright linos is hydrogen F (486) The 
second, B.D. + 35*, No. 4013, and third, B D. + 36°, No. 3956, stars 
have only four bright lines, and the bright band ; the hydrogen (F) 
line being absent. 
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These difference* may at first sight be taken as indicating a higher 
temperature in tho first of these stars than in either of the others, but 
further investigation seems to indicate this is not the caso. The con* 
tinnous spectrum from tho metcoritoB is very faint in each case, and 
on it is superposed bright carbon, that in the bine showing itself as a 
separate bright band, 468. The enrvo rises m each star at 564 carbon, 
and is high in tho position 517. 

It will be seen from the light curves that tho riBe at 564 is less in 
1st Oygnns than in either of the other stars, and tho end of tho 
fluting 558, due to tho manganese, becomes visible as a line in this 
star, while in 2nd and 3rd Cygnns the carbon at 664 with this fluting 
produces such a brightening of tho Bpoctrnm that the manganese 
cannot be seen as a bright line. In 2nd Cygnns tho 564 carbon 
is nearly equal in brightness to the 558 manganese fluting, and these 
produce together such an intensely bright patch between those wave- 
lengths that wo get apparent dark spaces on each sido of it Tho 
540 line of mongancso has a considerable difficulty in showing itself 
on the bright spectrum due to meteorites and carbon combined, 
whereas in 1st Cygnns whore tho radiation of carbon is woaker tho 
Hue is very bright. Tho invisibility of 507 and 527 in tho Bpectra of 
2nd and 3rd Cygnns stars is therefore duo probably to tho extra 
brightness of the fluting spectrum dno to carbon, rather than to the 
lower temperature of these stars. The greater number of lines in 
1st Cygnus indicates therefore a lower temperature than in the other 
stars, and this conclusion is borne out by the appearance of the 63d 
line in 2nd and 3rd Cygnns, and its absence from 1st Cygnns. 

Tho conclusion which has boon arrived at after a careful considera- 
tion of these stars is that 1st Cygnus is the coolest, 2nd Cygnns ranks 
next above in temperature, and 3id Cygnns is the hottest of tho tln-oe. 

With regard to the line m 2nd and 3rd Cygnus at 636 there is an 
element of doubt as to tho time position. Vogel dots not give the 
wave-length in his list of lines, neither does ho show it m his Bketch 
of tho Bpectrum, hut he indicates its position on the light curve, and 
from this a curve had to be drawn and the wave-length ascertained as. 
nearly as possible. Vogel suggests tho line may bo the hydrogen C 
line, but this Heems very improbable, sinco F is absent, and although 
P is frequently recorded in bnght-lino stars without C, in no case is 
C given without F. It may bo tho C line is seen clearly because 
there is no continuous spectrum near it, while P is not visible on 
account of the bright spectrum around it. 

The above stars are not the only ones with bright lines in the 
constellation Cygnus. 

A recent communication by Professor Pickoring gives the following- 
additional information : — * 

* ‘ Nature, ’ September 9, 1886. 
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A reoent photograph of the region in Cygnus, previously known to 
contain four spectra exhibiting bright lines, has served to bring to 
our knowledge four other spectra of the same kind. Ono of these is 
that of the comparatively bright star P Cygm, in whioh bright lines, 
apparently due to hydrogen, are distinctly visible This phenomenon 
recalls the circumstances of tho outburst of light in the star T Coronas, 
especially when the former history of P Cygm is considered. Accord- 
ing to Sclionfeld, it first attracted attention, as an apparently new 
star, in 1600, nnd fluctuated greatly dating the Revontconth century, 
finally becoming a star of tho fifth magnitude, and so continuing to 
the present time. It lias recently been repeatedly observed at the 
Harvard College Obsor\ atory with the meridian photometer, and does 
not appear to bo undergoing uny variation at present 

Another of tho stars shown by the photograph to have bright lines 
is D.M. + 37° 3821, where tho lines are unmistakably evident, and 
can readily be seen by direct observation with tho prism The star 
has been ovei looked, however, in several previous examinations of 
the region, which illustrates the value of photography in the detection 
of objects oF this kind 

Tho other two stars first shown by tho photograph to liavo spectra 
containing blight lim>s are relatively inconspicuous Tho following 
list contains tho designations according to the ‘ Durchmustorung,’ of 
all eight stare, tho first four being thoRo previously known — 35*' 
4001. 35° 4013, 36° 3956, 36’ 3987. 37" 3821, 38° 4010, 37’ 3871, 35‘ 
3952 or 3953 Of these 37° 3171 is P Cygni, and 37° 3821, as above 
stated, is the star m tho spectrum of which tho bright lines are most 
distiuct 


[Received March 28, 1888.] 

Pabt IV — Sun-nnoups anp Sricina of Group 11 
1. Genera t, Discussion of Dun£r’s Observations 
In the paper communicated to tho Royal Society last November 
I pointed out that tho so-callod “ stars ’’ of Class IIIo were not masses 
of vapour like our sun, but swarms of nietooritoB , tho spectrum being 
a compound one, duo to the radiation of vapour m tho interspaces and 
to the aborption of tho light of the rod- or white-hot meteorites 
by vapours volatilised out of thorn by the heat produced by colli- 
sions. 

I also showed that tho radiation was that of carbon vapour, and 
that some of the absorption was produced by the chief flutings of Mn 
and Pb. 

These conclusions were arrived at by comparing the wave-lengths 
of the details of spectra recorded in my former paper with those of 
vot. xliv. E 
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the handa giveu by Dnner in his admirable observations on these 
bodies.* 

Dnner in his map gives eleven absorption bands, chiefly flntings, 
in Class Ilia, but in tlio ease of tho tenth and eleventh bands there is 
some discrepancy between lus map and tho text, to which reference 
will be mode subsequently. His measurements are of the darker 
portions of the flntings, speaking generally 

It will lie clear at once that in the case of the darl flntings the dark 
bands should agree with the trno absorption of thB vapours, and that 
when the amount of absorption varios, only that wavo-lcngth away 
from the maximum of the flntings will vary. Thus, tho same fluting 
may be represented in tho following manner, according to the quantity 
of the absorbing substance present 



Fia. IS.— Diagram showing how un absorption fluting varies in width aooording to 
the quantity of absorbing aubatancc proaeut. 

In the case of the bright flutings, however, the dark hands on either 
side may t» same cases be produced partly by contrast only, and the 

* H Les toiler i Spectre* de la troiwdmo olaaw ” — ‘ KongL Svomka Vetenakapa- 
Ahademietu Handlingar,’ Band 21, No. 2, 1885, 
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brighter and wider the bright datings are the more the dark fluting* 
on either side of thorn will appear to vary, and in two ways: first, 
they will dim by contrast whon tho bright fluting is dimmer than 
ordinary ; and secondly, tho one on the side towards which tho bright 
fluting expands from its mostdooidod edge will diminish as tho bright 
fluting expands Sou following diagram. 



Fla. 13. — Diagram nhowing tho Tanution in width of a bright flutiug and tho oonto- 
quent tanalion in width of tho contrast baud »t tho faintor edge. 

There is also another important matter to be Uprne <n mind. As 
these spectra are in the mam produced by the integration of tho con- 
tinuous spectra of the meteorites, the bright flatings of carbon, and 
the dark flutings produced by tho absorption of tho continuous 
spectra by the vapour surrounding each meteorite; tho proportion of 
bright fluting area to dark flutiug area will vary with the reduction 
of the spacing between the meteorites. 

If any bright or dark flutings occur in tho some region of tho 
spectrum, when the spaces arc greatest, the radiation effect will bo 
stronger, and the absorption fluting will be “ masked where they 
are least the radiation itself will be masked. This reasoning not only 
applies to flutings but to lines also. 
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The Radiation Flntingi. 

Wo will first (leal with the radiation flntings — those of carbon 
The brightest less refrangible edge of tho chief one is at wave-length 
517, where it sharply euts off the tail end of the absorption of the 
magnesium Anting the darkest edge of which begins at 520, as the 
carbon light from the interspace pales tliB absorption Tho same 
thing happens at the more refrangible edge of the other absorption of 
Mg at 500, as Duner’s figures show. 


Tip** refrangible 
edge. 

{ 602 
roi 
603 
505 


More refrangible ulmrp 
edge 

406 in a Jlerriilia 
400 in p l’ersn 
496 in R Leonm Min 
496 in ft IV gnu 


If this explanation of the i igidity of the Icsb refrangiblo edgo may 
lie accepted, it is suggested that the ngidity of tho end of band 8 at 
196, near the nebula line 495, sceniB to indicate that wo may havo 
that lino os tho bright, less refrangible, boundary of another radiation 
fluting 

Tho fluting at 517 is tliu chief radiation fluting of carbon The 
next more refrangible oue, which would be most easily soon, as tho 
continuous spectrum would bo Iobh bright in tho blue, has its less 
refrangible and brightest edgo at 47 1 

This in all probability has been soon by Dundr, though, as boforo 
stated, there is hero a discrepancy between his maps and his text 
Tt lies between his dark bands 9 and 10, tho measurements of which 
are as follow — 


Lom refrangible 
edge 


Band 9 492 

4S4 

Band 10 472 

474 


More refrangible edge. 

476 m a Orionii 

477 in (9 Pegssi 
460 in a Ononis. 

462 in a Herculw 


It is not necessary for mo to point out the extreme and spociar 
difficulty of observations and determinations of wave-lengths in this 
part of the spoctrum. Taking tins into consideration, and bearing in 
mind that my observations of tho chemical elements have shown me 
no other bands nr Actings in this region, I feel justified in looking 
upon tho narrow bright space between bands 9 and 10 as an indica- 
tion of another carbon fluting — the one we should expect to find 
associated with the one at 517, with its bright edge at 473 instead of 
476, where DumVa measurements place it There is a bright fluting 
in this position in Nova Ononis 
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I shall refer to both these points later on. 

The third fluting, the carbon one with its brightest edge at 564, is 
certainly also present; though horo tho proof depends npon its 
masking effect, and upon the manner in which this effect ceases whon 
the other (lutings narrow and become faint 

In addition to these three flntings of carbon, which we shall dis- 
tinguish in what follows as carbon A, there is sometimes a fourth 
more refrangible ono beginning at wave-length 461, which is due 
to somo other molecular form of carbon ; this wo shall distinguish 
us carbon B. It extends from wave-length 461 to 451, and, as we 
shall presently hoc, it is this whioh gives rise to the apparent 
absorption band No 10 in the blue. 

It is voiy probable also that in somo cases there is, in addition to 
carbon A and carbon B, the hydrocarbon fluting which begins at 
wave-length 431, the evidence of this being Duner’s apparent absorp- 
tion band 11. It may be remarked hei-e, that although most of the 
luminosity of this fluting is on tho more infrangible side of 431, there 
is also a considerable amount on the less refrangible sulo. 

With regard to bands 9, 10, and 11, thon, there is little doubt that 
they are merely dark spaces between tho bright bluo flutings of 
carbon, and that whether they are seen or not depends npon the 
relative brightness of the carbon flutings and tho continuous Hpectrum 
from tho incandescont meteorites When the continuous spectrum 
is faint, it will not extend far into tho blue, and the resulting dark 
space between tbo bright carbon A fluting at 474 and the cud of the 
continuous spectrum is the origin of the apparent absorption band 9 
Whon tho continuous spectrum gets very bright, band 9 should, and 
does, disappear. On reference to the maps of the spectra of the 
“ stars ” with bright lines, it will bo seen that the broad apparent 
absorption band in the bluo agrees exactly in position with band 9, 
and it undoubtedly has the same origin in both cases. This band 
may therefore bo regarded as the counooting link between the bodies 
belonging to Group I and those belonging to the group under con- 
sideration. 

Band 10 is the dark sjiaca betwocn the bright oarbon A Anting at 
474 and the carbon B at 461, and can only exist so long as the carbon 
flntings are brighter than the oontinnous spectrum. Dun6r’s mean 
values for the band are 461 — 473, and on comparing these with the 
wave-lengths of the carbon flntings (boo fig. 16) it will be seen that 
the coincidence is almost perfoct. 

There is a little uncertainty about band 11, whioh Dun4r was only 
able to meaanre in one star, but it very probably has its origin in the 
dark space between the bright carbon B Anting and the hydrocarbon 
Anting at 431 (see fig 16). This would give a band somowhat 
broader and more refrangible than that shown in Dun6r’s map ; bat, 
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as already pointed ont, great accuracy in this part of the spectrum 
cannot be expected 

It may here bo mentioned that in the maps which accompany this 
paper, the compound structure of the hot carbon flutings has been 
omitted, because the details are not, as a rule, seen in the spectra of 
heavenly bodies in which there are indications of carbon. Tho 
flutings arc represented as simple ones beginning at the brightest edge 
and fading off gradually 

Chemical Substances indicated by the Absorption Flutings and Bands 
I may state that 1 have now obtained evidence to show that the 
origin of tho following absorption flutings is probably as under : — 
Wnve-length of 


lew refrangible 

Wave-length of end. given by Duner 

darkest moat as measured in 

No. of Tinting Origin, refrangible edge a Ononia 

i 1 Fc til 8 .... 628 

8 Mn(8) 585 .. 596 

4 Mn (1) # 558 .... 664 

6 Pb (l)f 544 .... 550 

6 Bat 524 526 

7 Mg 021 .... 517 

8 Mg 600 406 


These flutings are characteristic of the whole class, and Dun£r’u 
catalogue consists chiefly of a statement of their presence or absence, 
or tlioir varying intensities, in the different stars 

He gives other bands and wide lines which he has measured, 
specially in a Orionis I have also discovered the origin of the 
majority of thoso. They arc as follows : — 

Wave-length. 


I. Fluting of C'r (1) 581 

II t 570—677 

III. Fluting of Pb (2) 567 

IV. P 543 

V. Line of Mn soon in bunsen 538—640 

VI. Band of B# 632—534 

rl Flutiug of Or (*) 659§ 

L,n *"j2. „ „ (8) 686 

1-8. Line of Cr seen in bunsen 520 


* Means strongest fluting. 

t The seoond Pb band has boon soon in a Boorpn and a Orionis. Owing to an 
error in the map in tho former paper, this fluting was ascribed to sine. 

I This is the seoond brightest band, wave-length 525. The first at ware-length 516, 
is masked by the radiation fluting at 516 See post 
f This is not given by Dun6r. It would be masked by the Vn fluting in the 
star. I have inserted it to show that we could not be dealing with the 8rd fluting 
of Or at 616 if we oonld not explain the apparent absence of the 2nd. 
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-4. B« band 514* 

5. I f601 

6. lilt, 2nd, and 3rd Ba fluting* J 684 

•7. J 1649 


Band 1, which extends from wave-length (549 & to 663 8, has not 
yet been allocated. 

Tests at our Disposal 

In order to prove that my explanation of the nature of these 
oeleatial bodies is sufficient, a discussion of the individual observa- 
tions of them, seeing that differences in tho spectra ore known to 
exist, should show that all the differences can be accounted for in the 
main by differences in tho amount of interspace , that is to say, by a 
difference between the relative areas of space and meteorito in a 
section of the swarm at light angles to the lino of sight I say in the 
main, because subsequent inquiry may indicate that wu should expoct 
to find minor differences brought about by the beginnings of conden- 
sation in large as opposed to small swarins, and also by the actual or 
apparent magnitudes of the swarms varying thoir bnllianoy, thus 
enabling a more minute study to be made of the same stage of heat 
m one swarm than m another 

How minor differences may anso will be at once scon when we con- 
sider the conditions of observation. 

The apparent point of light generally seen is on my view produced 
not by a mass of vapour of more or less regular outline and structure, 
but by a swarm of meteorites purliaps with moio than one point of 
condensation. 

An equal amount of light received from the body may he produced 
by any stago, or number of nuclei, of condensation ; and with any 
differences of area between the more luminous centre and the outliers 
of the swarm. 

All those conditions producing light of very different qualities ore 
integrated in the image on tho slit of the spectroscope 

I have said “generally seen," becanso it has been long known that 
many of the objects I am now discussing are variable, as well as red, 
and that at the minimum they are not always seen as sharp points of 
lightt but have been described os hazy. 

The severe nature of the tests at riur disposal will be reoognised 
when we inquire what must follow from the variation of the spacing. 
Thus, as the spacing is reduced — 

I. The temperature must increase. 

• In the early ttegea this bend is masked by the rind light coming bom the 
carbon in the interspace*. 

t Hind flnt noticed this in 1851. Quoted by Arngo, ‘ Astronomic Populsire.’ 
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a. Vapours produced at the lowest temperatures will be the first 
to appear. 

p. The spectrum of oach substance must vary with the quantity of 
vapour produced as the temperature inoreases, and the new 
absorptions produced must bo tho same and must follow tn the 
same order as those observed in laboratory experiments. 

II Tho carbon spectrum must find get moi’o intense and then 
diminish afterwards os tho spaces, now smaller, are occupied by 
vapours of othor substances. 

a. The longest spectrum will bo that produced by mean spacing. 

p. The masking of tho dark bands by tho bright ones must vary, 
and must be reduced as tho mean spacing is reduced. 

III. The continuous spectrum of the motoorites must increase. 

a. There will bo a gradually increasing dimming of the absorption 
bands from this cause 

fi. This dimming will be entirely independent of tho width of tho 
band. 

IV. Tho spectrum must gradually get richer in absorption bands. 

a. Those produced at tho lowest temperatures will bo relative!) 

widost first 

p. Those produced at tho highest temperatures will be relatively 
widest last 

ff. They must all finally thin. 

Those necessary conditions, then, having to bo fulfilled, I now 
procoed to discuss M Dunor’s individnal observations. I shall show 
subsequently that there are, in all probability, other bodies besides 
those he has observed which really belong to this group 

II. Discussion of Dunce's Individual Obsebvations. 

Consideration of the Extreme Conditions of Spacing. 

Oasteris paribus, when the interspaces are largest we shonld have a 
preponderance of the radiation of carbon, so far as quantity goes. The 
bands will be wide and pale, the complete radiation will not yet be 
developed ; a minimum of metallic absorption phenomena — that is, 
only the (lutings of magnesium (8 and 7), the first fluting of manga- 
nese (8), and the first Anting of iron (2) ; but tho great width of the 
bright band at 517 will mask band 8. 

When tbo interspaces are least, the radiation of carbon should givo 
place to the absorption phenomena duo to the presence of those 
metallic vapours produced at the highest temperature at which a 
swarm can exist as such; the bright flutings of carbon should be 
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diminished, and the trne absorption datings of Mg, Ye, Mn, Pb, and 
the band of Ba, should be enhanced in intensity. 

There will be an tneemcm between the radiation and absorption. 

The highest intensity of the absorption phenomena will be indicated 
by the strengthening of the bands 2, 3, 4, 5, and 6, and the appear- 
anco of the other flu tings and bands specially recorded m a Orionis 
The bands 7 and 8 will disnppem ns fliey are spocial to a low tempera- 
ture, and will givo way to the absorption of manganese, iron, h, Ac. 

This inversion, to deal with it in its bmidcst aspect, Rhould givo as 
at the beginning 7 strong, and 2, 3 weak, and at the end 7 and 8 weak, 
and 2, 3 strong. 

The first stage, representing almost a comefiu condition of the 
swarm bofore condensation has begnn, bus been observed in Nos. 3,* 
23, 24, 25, 30, G8, 72, 81, 1 18, 247, 249 There is a very large number 
of similar instances to be found m tho obsei valions Tho above are 
only given as examples 

The last stage, before all tho bands fade away entirely, has beon 
observed in Nos 1, 2, 26, 32, 33, 38, 40, 61, 64, 69, 71, 75, 77, 82, 96, 
101, 116. As before, these are only given as instances. 

It is natural that these extreme points along tho lino of evolution 
represented in tho bodies under consideration shonld form, as I think 
they do, the two most contrasted distinctions recorded by Duner — 
that is, recorded m the greatest number of cases. 

Oiitjtn of the Discontinuous Spectrum 

1 bare already shown that when the meteorites are wide apart, 
though not at their widest, and tliore is no very murked condensation, 
the spectrum will extend farther into tho blue, and therefore tho 
du tings in the blue will be quite bright; in fact, undor this condition 
the chief light in this part of the Bpoctrum, almost indeed tho only 
light, will come from the bright carbon. Under this samo comlition 
the tomperature of the meteorites will not be very high, there will 
therefore be little continuous spectrum to be absorbed in the red and 
yellow. Hence wo shall have discontinuity from one end of the 
spectrum to the other. Tins has also been recorded, aud in faot it is 
the condition whioh gives us almost the most boautiful examples of 
the class (196, « Herculis, 141, 172, 229). 

The defect of continuous light t» the blue in this class, after conden- 
sation has commenced, and the carbon datings are beginning to 
disappear, arises from defect of radiation of the meteorites, and hence 
in all fully-developed swarms the spectrum is not seen far into the 
bine for the reason that the vapours round each moteorite are at a 
temperature such that dating absorption mainly takes place, although 

* The reference* are to the number* of the itan m DunSr’i catalogue. 
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of course there must be some continuous absorption in the blue. This 
is perhaps the most highly. developed normal spectrum-giving condi- 
tion ; 44, 4&, 55, 60, 65, 86, 92, 278 are examples. 


The Paliiuj of the Flutings, 

Subsequently, the spectra are in all casos far from being discon- 
tinuous, and the Actings, instead of being black, aro pale. Thus, 
while the bands are dark in tho stars wo have named, they are not 
so dark in % Ononis Here, in Bhort. we have a great distinction 
lictween this star and a Hercnhs, o Ceti, R Lyras, and p Persei. 

Obviously this arises from the fact that tho average distances 
between the metcontes have been reduced , their, temperature being 
thereby increased ns more collisions aro possible, the vapours are 
nearly as brilliant as the motoontes, and radiation from the inter- 
spaces clonks tho evidences of absorption Nor is tbw all: as the 
meteorites are nearer together, the area producing the bright flntings 
of the carbon is relatively reduced, and the bands 10 and 9 will fade 
for lack of contrast, while 8 and 7 will fade owing to the increased 
temperature of the system generally canying the magnesium absorp- 
tion into tho line stage; li is now predominant (hoc 102, 157, 163, 
114, 125, 135) 

Under those conditions the outer absorbing motallic atmosphero 
round each meteorite will m all probability consist of Mn and Fe 
vapours, and m this condition the masking effect will least apply to 
them This is so (114, 116) ; they remain dark, while tho others are 
[Mile. 

Here we have the indication of one of the penultimate stages 
already referred to. 


Phenomena of Condensation 

Dealing specially with the question of condensation, — I have 
already referred to possibly the first condition of all, recorded by 
Duncr in tbe observations now discussed— I may say that the first 
real and obvions approach to it perhaps is observed when all, or 
nearly all, except 9 and 10 of tho Eatings are wide and dark, The 
reasons will be obvious from what has been previously stated. Still 
more condensation will give all, or nearly all, the bands wide and 
pale, while the final stage of condensation of the swarm will be 
reached when all the bands fade and give place to lines. We have 
then reached Class II (107, 139, 168, 264) ; 2 and 3 should be and 
aro perhaps the last to go (203). 
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The Bands 9 and 10. 

With regard specially to the bands 9 and 10, which include between 
them a bright space which I contend is tbo second Anting of carbon, 
1 may add that if this view is sound, tho absence of 10 should mean 
a broad carbon band, and this is the condition of non-condensation, 
though not tho initial condition The rod llutmgs should therefore 
bo well marked— whether broad or not does not matter ; but they 
should be dark and not pain Similarly the absence of band 9 means 
uon-oondensation. 

Therefore 9 and 10 should vary together, and as a matter of fact 
wo find that their complete absence from the spectrum, while tho 
metallic absorption is strong, is a very common condition (1, 2, 6, 16, 
20, 32, 39, 40, 46, 54, 60). 

That this explanation is probably tho trno one is bIiowu by further 
consideration of what should happen to the red flutings when 9 and 
10 are present As the sti-ong red flutings indicate condensation, 
iiccording to my view this condensation (see ante ) should pale the 
other flutings. This happens (3, 8, 13, 23, 35, 45, 30; and last, not 
least, among the examples, I give 50, • Orionis) 

III. Hi SOUS Ol THh DlSCURSION 
The Line of Evolution. 

I have gone over all the individual observations recorded by Duner, 
and, dealing with them all to tho best of my ability in tho light 
afforded by the allocation of the bands to the various chemical sub- 
stances, the history of the swarms ho has observed Booms to bo as 
follows — 

(1) The swarm has arrived at tbo stage at which, owing to the 
gradual nearing of the meteorites, the hydrogen lines, which appoared 
at first in consequcnoo of tho groat tenuity of the gases in the inter- 
spaces, give way to carbon. At fii-st the fluting at 473 appears (as in 
many bright-line stars), and afterwards the one at 517. This is very 
nearly, but, as 1 shall show subsequently, not quite, the real begin- 
ning of the group, and the radiation is now accompanied by the 
Anting absorption of Mg, Fo, and Mn — bands 7, 2, 3. This is the 
absorption produood at the temperature of the oxy-coal-gaa flamo, 
while the stars above referred to give us the bright line of Mn seen 
at the temperature of the bunsen. 

( 2 ) The bright band of carbon at 517 narrows and unveils the Mg 
absorption at band 8. We have 8 now as well as 7 (both represent- 
ing Mg), added to the bands 2 snd 3, representing Fe and Mn, and 
these latter now intensify. 

( 3 ) The spacing gets smaller; the carbon, though reduced in 
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relative quantity, goto more intense The second band at 473 in the 
bine gets brighter as veil as the one at 517. We have now bands 
9 and 10 added. This reduced spacing increases the number of col- 
lisions, so that Pb and Ba arc added to Mg, Fo, and Mn. Wo have 
the bands 2, 3, 4, 5, 6, 7, 8, 9, and 10 This is the oondition which 
gives, so to speak, the normal spoctram. 

(4) This increased action will give us a bright atmosphero round 
each meteorite, only the light of the meteorite in the lino of sight 
will be absorbed we shall now have much continuous spccti um from 
tho interspaces as well as the vapour of carbon. The absorption 
Autings mil pale, and the Mg datings will disappear on account of the 
higher tewperatnre, while new ones will mako their appearance 

(5) Greater nearness still will be followed by the further dimming 
of the bright carbon flntings including tho one at 517 The bine end 
of tho spectrum will shorten as tho bauds fade, narrow, and increase 
in number. If tbe star be bright, it will now pnt on the appearance 
of a Orionis ; if dim, only the flntuigB of Fo and Mn(l), bands 2 and 
3, will remain prominent. 

(6) All tho flntings and bands gradually tbin, fade, and disappear 
A star of tho third group is tho result. 

Ill the latter highor-temperaturo stages wo must expect hydrogen 
to bo present, bnt it need not necessarily bo visiblo, as the bright 
lines from the interspaces may cancel or mask the absorption in the 
lino of sight of the light of the meteorites ; but in case of any violent 
action, such as that produced by another swarm moving with great 
velocity, we must expect to see them bright, and they are shown 
bright in a magnificent photograph of o Ceti, taken for the Draper 
Memorial, which 1 owe to the kindness of Professor Pickering. I 
shall return to this question. 

Stage* antecedent to those recorded by Vaner. 

So far I have referred to tho swarms observed by Dnn6r. The 
result of the discussion has been to Bhow that all the phenomena are 
included in the hypothesis that the final stages we have considered 
are antecedent to the formation of stars of Group III, bodies which 
give an almost exclusively line absorption, though these bodies are 
probably not yet stars, if we nse the term star to express complete 
volatilisation, similar to that observed in the case of our sun. 

The question then arises, Are all the mixod fluting stages really 
included among the objects already considered P 

It will be remembered that in my former communication I adduced 
evidence to the effect that the mixed fluting stage was preceded by 
others in which the swarms were still more dispersed, and at a lower 
temperature. Tho first oondition gives us bright hydrogen; the last 
little continuous spectrum to bo absorbed, so that the spectrum is one 
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with more bright lines than indications of absorption ; and, in foot, 
the chief difference between the spectra of these swarms and of those 
still sparser ones which we call nebula lies in the fact that there are 
a few more bright metallic lines or remnants of Hu tings; those of 
magnesium, in the one case, being replaced by others of manganese 
and iron. 

If my view be oorreci — if there are stages precoding those recorded 
by Dunor in which we get both dark and bright Hutings — it is among 
bodies with spectra very similar to these that they should be found. 

The first stage exhibited in the objects observed by Duner is 
marked by flutings 7, 3, and 2 (omitting the less refrangible one not 
yet allocated), representing the flutings Mg, Mn, and Fe visible at the 
lowest temperatures. 

The stars which I look upon ns representing a prior stage should 
have recorded in their spoctra tho flutings 7 and 3 (without 2), re- 
presenting Mg and Mn. 

Classification into Species 

We are now in a position to apply all that has gone before in sum- 
marised statements of the various spectral changes, including those 
connected with hydrogen, which take place not only m these objeots 
studied by Dunor, bnt m those others to which I have referred as 
forming the true beginning of tho group 

The following statements and tables, howevor, must not be taken 
as anything else than a fii-st approximation to the real criteria of 
specific differences. I am convinced that further thought is required 
on thorn, and that such further thought will bo well repaid. 

The Sequence of the Various Bands in the Spectra of the Elements 
indicated by Bodies of the Qroup. 

In oomparwg tho spectrum of an element which has been mapped 
in the laboratory with the absorption bands in the spectrum of a 
“star," we need only consider those bands and flutings which stand 
out prominently and are tho first to flash ont when there w only a 
small quantity present. Thus, in the flamo spectrum of barium there 
ib an almost continuous background of flutings with a fow brighter 
bands in the green, nnd it is only important to consider the bands, as 
the flutings would mainly produce a general dimming of the continu- 
ous spectrum. In order to show at a glance what portions of the 
spectrum of an element it is most important for us to oonsider in this 
discussion, I have reconstructed the map of low-temperature spectra 
which I gave in my previous paper, with reference to those elements 
which are indicated in the spectra of bodies of Group II. Fivo orders 
of intensities are represented, the longest lines, flntings, or bands 
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being tbe brightest (fig. 14). The lines, flutings, or bands in ' 
the lowest horieon, in the ease of each element, are those seen at 
the lowest temperatures, and arc the first to appear when only 
a small quantity of snbstance is present Those in the npper 
horizons are the faintest, and are only seen when the tempera- 
ture is increased, or a considerable amount of the snbstance is 
volatilised. The map shows that if there are any indications of 
magnesium, for instance, in bodies at low temperatures, the Anting 
at 500 will be seen, possibly without tho other fluting or lines. The 
first indications of manganese will be the fluting at 558, and so on. 
Agnin, on account of the masking effect of the spectrum of ono element 
upon that of another, we may sometimes have un element indicated in 
a star spoctrum, not by the brightest band or fluting in its spectrum, 
but by the sooond or even third iu brightness ; this, of course, only 
occurs when the darkest band falls on one of the brightest fin tings of 
rarbon, or njwn a dark band in tho spectrum of homo othei element. 

In the former case the dark band will bo cancelled or masked, in the 
latter case the two absorptions will bo added together, and form a 
darker band of a different shape. 

The Question of Masking 

If we consider the masking effects of the bright enrhon flutings 
upon the absorption spectrum of each of the elements which, accord- 
ing to tho results obtained, enter into tho formation of Duaer’s bunds, 
wo have the following as (he mam results — 

Magnesium. — There are twoflntings of magnesium to lie considered, 
the brightest at 500 and tho other at 521. In the earlier stages of 
Dundr's stars only the fainter one at 521 is visible, bnt the absence 
of the brightest at 500 is accounted for by tho masking effect of tbe 
bright carbon fluting starting at 517. As the carbon fades, the 517 
fluting narrows and the absorption of magnesium 500 becomes 
evident. 

Manganese, — The two chief flutings of manganese are at 558 and 1 
586, the former being the brightest fluting in the spectrum The 
second fluting is seen in all of Dundr’s stars. The first fluting, 558, 
however, does not appear as an absorption dating until the radiation 
fluting of carbon starting at 564 has narrowed sufficiently to unmask 
it. It is thus easy to understand why, in some stars, there should be 
the aeoond fluting of manganese without the first. 

Barium. — The spectrum of barium consists of a set of flutings ex- 
tending tile whole length of the spectrum, and standing out On this 
as a background aro three bright bands, the brightest band is at 
515, the second is at 525, and the third, a broader band, is about 485. 
The seoond band is recorded as on absorption band in Dundr’a stars, 
the apparent absence of the first band being due to the masking 
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effect of tbe bright carbon at 617. The third band at 486 probably 
forma a portion of band 9. A fourth band, at 538, and the three 
brightest datings at 602, 685, and 648 are also seen in a Orionit. 

Chromium,. — The Anting* of chromium do not form portions of 
the ten principal bands of Dundr, bnt the brightest are seen in' 
s Orionis. The brightest fluting is at 680, and this forms band 1 *, the 
second, at 557, is masked by the manganese Anting at 558, and tho 
third at 536 is seen as line 2. The chromium triplet about 520, which 
is visible in the bunsen, is soon as lino 3. 

Bismuth. — The brightest fluting of bismuth is at 620, tho second it 
at 571, tbe third at 602, and the fourth is at 646. The fh-st is masked 
by the iron Anting at 615, tho Bocond is seen in a Ononis as band 2 
(570—577). 

Tho points 1 consider as most firmly established are the masking 
effects of the bright carbon (lutings and tho possibility of the demon- 
stration of tho existence of some of llie Anting* in tho spectrum by 
this means, if there wore no other. There are two chief coses, the 
masking of tho “ nebula ” Anting 500 by the bright carhon fluting with 
its brightest less refrangible edge at 617, and that of tho strongest 
fluting of Mn = Mn (1) 558, by the other carhon fluting with its 
brightest edge at 564. I have little doubt that in somo quarters my 
anxiety not to ho content to refer to tho second fluting of Mn without 
being able to explain the absence of the first one, will be considered 
thrown away, as it is so easy to ascribe any non-undomtood and therefore 
“abnormal” spectrum to unknown physical lawB; but when a special 
research had shown me that at all temperatures at whioh the flutings 
of manganese are seen at all, the one at 558 retained its snpremacy, 
I felt myself quite justified in ascribing its absence in species 1 — 4 to 
the cause I have assigned, the more especially as the Mg fluting which 
is visible even in the nebula followed suit. 

The Characteristics of the Various Species. 

I append the following remarks and references to the number of 
the bodies in Dundr’s cataldgue, in whioh the specific differences 
come out most strongly, to the tabular statement. I also refer to 
some difficulties. 

Sp. 1. The characteristic here is the almost oometary condition. 
All three bright carbon flutingR generally seen m comets are visible ; 
474 standing out beyond the end of tbe dull blue continuous spectrum 
of the meteorites, 516 masking Mg 500, and 564 masking Mn(l) 558. 
The bands visible in the spectra of bodios belonging to this species 
will therefore be Mn(2) 586, and Mg(2) 521 ; band 9 will bo bo wide 
and pale that it wonld most likely escape detection. Jt is very 
doubtful whether any of the bodies the spectra of which have 
hitherto been recorded can be classed in this species, but laboratory 
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^ork assuredly points to thoir existence , it will therefore be ex- 
tremely interesting if fnturo observations result in their discovery 
It is possible, howovei , that No 150 of Dun6r s list belongs to this 
species but the details aro msnfhcient to say with certainty His 
description is as follows — 150 II me parait y aioir uno bande 
ctioitc dins le rouge et nno plus large dans le vert (p 55) 

* Sp 2 Chaiootcnstics appeal aneo of he The number of bands 
Vow visible is time — turn lj, 2 4 and 7 lho iron comes out as a 
result of the inci cased temperature Mg(l) and Mn(l) uo still 
masked b} tho bright earbou tiutmgs and there is still msufiicient 
luminosity to make the apparent absorption band 9 dark enough to 
bo noticed 

fep 3 Chaiaotci lstics appearance of Mg ''00 which has pie 
vionsly been masked bv the uubon bright flutings 517 7 and 8 arc 

now the daikcst band in tho spectiuui 

bp 4 Chaiaatcnstics appeal anco of Pb(l) 546, it, band 5 
This, if present in the eai hoi species at all, wonld bo masked bj the 
bright oarbon at 5b4 

fep 6 Characteristics Mn(l) is now unmasked The bands now 
visible aio 2 3 4, 5, 7, and 8 the two latter still being the widest 
and daikest, because they are essentially low tempeiatuie pheno- 
mena 

Sp 6 Characteristics bandbte Ba(2), 525, is now added The 
hrst band of Ua at 515 is masked by the blight oarbon at 517 The 
bands now visiblo aie 2 — 8 7 and 8 still being widest and darkest 
,1 hey will all be pit tty wide and they will be dark because the oon 
turnons spectrum will be feebly developed 

Sp 7 Gharactei istics appearance of band 9 This, which has 
been already specially referred to, has been too wide and pale to be 
observed in the cat her spoons Its present appearance is due to the 
nai rowing and brightening of the carbon at 474 and the brightening 
of tho continuous spectrum, the result being a greater contrast 
Bands 7 and 8 still retain tlieir snpi cmacy, but all the bands will be 
modorately wide and dark 

Sp 8 Characteristics all the bands 2 — 9 aie more prominent, so 
that 7 and 8 have almost lost their supremacy 

Sp 9 Characteristics appearance of band. 1, the origin of which 
has not yet been determined Ail the bands aro well seen, and are 
moderately wide and dark 

Sp 10. Characteristics appearance of band 10, and in some oases 
II These become visible on account of the brightening of the 
caibon B fluting and the hydrocarbon fluting at 431 The spectrum 
l^how at its greatest beauty, aud ib discontinuous 
Sp 11 Characteristics the bands are now becoming wider, and 
2 and 3 are gaining in snpiemacy, 7 and 8 become narrower on 
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account of the increased temperature. 1 and 10 are only occasionally 
seen in this species. 

Sp. 12. Characteristics: with the expansion of the continuous 
8]iectrum towards the bine, band 9 becomes Tory narrow, and cannot 
be observed with certainty. The other bands, with the oxooption oft 
7 and 8, are becoming wider and paler, while 2 and 3 still gain in 
supremacy. 

Sp. 13. Characteristics : 9 has now entiroly disappeared, 2 and 3' 
still retaining their supremacy. 

Sp. 14 Characteristics : all the bands are pale and narrow ; 2 and 3 
will still bo darkest, bat the difference will not be so great os in the 
species preceding. 

Sp 15. Characteristics : in ordinary members of this group, 2 and 
3 now alone remain visible : they are wide, bnt feeble, as the contin- 
uous spectrum which has been rapidly developing during the last 
changes is now stioug. 
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Table B. — Showing the Stars in Dtra6r’s Catalogue arranged in 
Species. 

Species 1. 

No. of star 

Bands nsiblo. 

(160) 

Narrow band in the red and a wider one in tho green. 

Species 2. 

No. of star. 

Bands risible. 

m 

(03) 

(220) 

(233) 

(240) 

2, 3,7 

2, 3, 7 1 perhaps 4 and 6, 

2, 3, 7. 

2, 8, 7. 

2, 3, 7 j possibly 4 and 6. Feebly dercloped. 

Spocics 3. 

No. of star. 

Bands nsiblo. 

(42) 

(63) 

(W) 

(186) 

(1!») 

(228) 

(276) 

(290) 

Bands weak | 2, 3, 7, 8 host risible. 

2. 3, 7, 8. 

2, 3, 7, 8 1 woak. 

2,3, 7,8. 

2, 8, 7, 8 1 narrow. 

2, 8 i weak. 7 and 8 are woll soon. 

2, 3, 7, 8 1 not Tory strong. 

2, 3, 7, 8. 

Species 4. 

No. of star. 

Bands risible. 

(?) 

(06) 

(110) 

2. 3, 6, 7, 8. 

2, 3, 7, 8 1 possibly also 4 and S. 

2, 8, 7, 8 j narrow | 4 and 6 inspected. 
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Speoiea 5. 


No. of star 

Hand* visible. 

(89) 

2, 3, 7, 8 i 4 and 6 Tory weak. 

(163) 

2, 8, and 7 wide g 4, 6, 8 polo. 

(164) 

2, 8, 7, 8 narrow g 4 and 5 very narrow 

(178) 

Feebly developed g the ait ordinary bands feebly Tinble. 

(263) 

The six ordinary bands are plainly Been. 

(268) 

The biz ordinary bands, but not very strong. 

(267) 

2, 8, 7 well marked i 4, 6, 8 pale. 

(271) 

The biz ordinary bands, feebly developed. 


Spocioii 6. 


No. of star 

Bands nsiblo. 

(«) 

2 — 8 1 wido and dark. 

(19) 

2—8 g 4 and 6 rather weak. 

(89) 

2—8 , strong and wide. 

(48) 

2 — 8 , well marked. 

(67) 

2 — 8 1 wide and dark. 

(74) 

2— 8g wide and dark. 

(76) 

2 — 8 g well marked 

(88) 

2—8 g wide and dark. 

(90) 

2—8 g well seen but not Tory strongly marked. 

(188) 

2—8, wide and dark. 

(189) 

2 — 8; wide and dark. 

(104) 

2 — 8 1 wide but not vory dark 

(202) 

2 — 8 1 wide and dark in the red and groen-blue. 

(208) 

2 — 8 1 well doreloped, especially in the blu.-green. 

(214) 

2 — 8j wide and dark. 

(227) 

2 — 8 1 dark but narrow. 

(247) 

Bands plainly seen, but they are Tory pale, ozcppt 7 and 8. 

(264) 

2—8 1 wide and dark. 

(259) 

2 — 8 1 wido and dark, 7 and 8 strongest. 

(280) 

2 — 8 j dark, but not Tory wide 

(278) 

2—8 g dark, but rather narrow. 

(274) 

There are sovon bands, wide and ml her dark. (I assume these to 
be 2 -8.) 

(286) 

2 — 8 j well soon, not remarkably wulo. 

(289) 

2— 8g vpty distinctly Tisihlc ; 4 and 6 weak and narrow. 
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Species 7. 


No. of iter 

Bands -ruiblo. 

(21) 

2 — 9 , pretty wide and dark, especially 7 and 8. 

(»7) 

2—9 , ten/ dark, rather narrow. 

(U5) 

2 — 9 j wide, especially in the blue. 

(143) 

2 —9 ; wide and dark, es]>ecia!ly m green-blue 

(181) 

2 — 9 s rery wide and dark, especially 7 and 8. 

(195) 

2—9, 7 and 8 especially strong 

(2*9) 

2—9 i very wide, but rather pale j 7 and 8 very wido and dark. 

(241) 

2—9 j well seen Tlioiie in green-blue wide and strong. 

(249) 

7, 8, 9 are very wide and dark, others very narrow. 

(262) 

1 2 — 10 i wide aud dark, especially in tho blue 

(266) 

2—10 are seen 

(269) 

2—9 , sery dark, but not Tory wide. 

(270) 

2—9 1 wido and dark, especially those m the blue. 

(275) 

2 — 9 | wide and dark, especially in tho blue. 

(284) 

2—9 j wide aud dark, especially in the green-blue. 


Species 8. 


No of star 

Bands visible 

(16) 

2—9 1 strongly developed, wide and dark 

(29) 

2—9 , wide and dark 

(57) 

2—10 , wido aud dark. 

(88) 

2 — 9 j wide and strong. 

(103) 

2 — 9 , wide and dark 

(108) 

2—9 j well marked. 

(112) 

2 — 9 , wido, dark 

(137) 

2 — 9, wide and dark. 

(101) 

1 — 9 | wide and dark throughout the spectrum 

(188) 

2 — 9 ) wide and dark, 4 and 5 darker titan usual. 

(184) 

2—9 j wide and blank, 6 rather weak. 

(226) 

2 — 9 1 well soon throughout the spectrum. 

(230) 

2 — 9 , wale and rather dark. 

(242) 

2—9 seen j ft ro xg and wide. 

(261) 

2—9 , wide and dark 

(263) 

2—0 1 wido and dark. 

(278) 

2—9 j wide and dark. 

(283) 

2—9 j wide and dark. 

(286) 

2 — 9 j wide and dark 

(291) 

2— 9| wide and strong. 

(296) 

2—9 1 wide and dork, but speotrutn is not very remarkable. 

(297) 

2 — 9 1 well marked, wide and dark. 
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Species 9. 


No of star 

Bands risible. 

(9) 

Hnnd* wide and dark. 

(12) 

Bunch wide and dark. 

(20) 

Builds wide and dark. 

(23) 

Banda very wide , thoae in tho green-blue are dark. 

(28) 

1—9 , 7 and 8 darker than 2 and 3 

(87) 

Pome of the bauds very wide , 7 and 8 strongest. 

(44) 

1—9 i vory flue. 

(00) 

1 — 9 , wide and dark 

(06) 

1 -9 , Tory wide and dark ; 6 well aeon. 

(118) 

Banda wide and dark, especially ill grooii-bluu. 

(123) 

Banda wide and dark , full spectrum. 

(148) 

Banda wide and dark, even in the blue. 

(166) 

Band woU marked and lery wide throughout tho whole spectrum 

(158) 

Banda wide and dark, oven in Uie blue. 

(162) 

1 --0, wide and dark. 

(174) 

Rands wide and dark. 

(175) 

Bunds wide and dark. 

(176) 

Bands visible, evon in the liluot not Tory dark. 

(183) 

1—9 , wido and dark. A narrow bund hetwran 3 and 4. 

(166) 

Bands well developed, even beyond the blue, but weak in red. 

(204) 

Bunds wide and dark, even in tho blue. 

(210) 

Bands wide and dark. 

(217) 

1 — 9, including 6, are very wale and dark. 

(221) 

Bunds wide and dark throughout the spectrnm 

(287) 

2, 3, 7. 8 aro strong j 1, 4, 6 well seen (6 and 9 are also most likely 
there). 

Bands very dark and of extraordinary width. 

(265) 

(266) 

1—9 1 wide and dark. 

(277) 

1—9 , wido and dark. 4 and 6 wider than usual. 

(281) 

1 — 9 1 wide and dark 

(293) 

Bands wide and dark throughout the spectrum 
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Species 10. 


No of ■ tar. 

Bands Tisiblo. 

(4) 

(R Amlromoclsc) 

Variable. 

(18) 

1—11 inclusive ' 

(28) 

BhihI) rather pale ; like that of a Orionis. 

(30) 

Hands wide, both in green-blue uni rod. 

(80) 

1- -10; very wide and daTk 

(91) 

Bands very wide and dark, even in the bluo. 

(02) 

1 -10 , very wide and dark. 

(131) 

1—10 j 2 and 3 wido, others relatively narrow. 

(141) 

1 — 10 , very wide and dark. 

(172) 

2—10, possibly 1 j wide and dark. 

(15*0 

'1—10, very wide and blank. 

(232) 

1—10 

(239) 

1— 10 1 very fine. 


Species 11. 


No. of star 

Bands visible. 

(6) 

2 -9 , 3 is Tory wide. 

(65) 

2-9 ; flue. 

(87) 

2 — 9 j wide and dark, especially 2 and 3. 

(98) 

2 — 9 , wide and visible, evon in the bluo i rather palo. 

(135) 

1 - 9 , wide and palo 

(149) 

1 — 9 ; wide and very dark. Bands in the rod line. 

(152) 

1—9 1 woll marked, fine in the red. 

(171) 

2—9 1 2 and 3 strongest. 

(177) 

2—9; strong and wide, especially in the rod. 

(191) 

2—0 j wide find dark, especially 2 and 3. 

(193) 

2—9 j 2 and 3 strongly marked. 

(107) 

2— 9j wide. 

(190) 

2—9 , very wide and dark, especially in the red, 4 and 5 are also 
wider than usual 

(212) 

2—9 , wide and dark 2 and 3 are the strongest. 

(218) 

Bands wide, but not very dark, as far as 9. 

(284) 

2—9, wide. 

(246) 

Bands wide, but pale. Strongest in the red. 

(288) 

Bands wide and pale, but Tisiblo even in tfae blue. 
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Species 12. 


No of star 

Bands risible. 

(27) 

2 — 8 j wide and pale. 

(46) 

2 — 8, possibly 9. 

(61) 

2—8, possibly 9. 

(52) 

2 — 8 , possibly also 9 i wide, but not Tory (lark. 

(CO) 

2 — 8, possibly 9 ; wide and dark. 

(78) 

Bands risible even in tho bluoj wide but pale. 

(117) 

2 -8 , feebly deroloped. 

(122) 

2—8 , wido, but rather pale. 

(126) 

2 — 8, possibly 0i 2 and 3 strong. 

(129) 

2 — 8 ; wide and palo. 

(183) 

Bonds wide and dark, especially in tho red. 

(164) 

2 — 8, prolialdy alto 9 ; rod bands darkest. 

(216) 

2 —8 j not rery strong. 

(204) 

2 — 8, possibly 9; wide, but not very dark. 
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Species 13. 


No. of star. 

Bandi visible. 

(1) 

2 — 8 , red baud* strongest. 

(2) 

2—8 i 2 aud 3 strongest. 

(16) 

2 and 3, pretty strong ( 4 — 8, wide and pale. 

(17) 

2 — 8 f 2 and 3 strongest. 

(26) 

2 — 8 j 2 and 3 strongest. 

(32) 

2—8 , 2 and 3 strongest. 

(33) 

2 — 8 ; 2 and 3 strongest 

(36) 

2 — 8 , 2 and 3 tornmuited by strong lines, 6 present 

(38) 

2 — 8 , 2 unit 3 strongest. 

(40) 

2—8 , 2 and 3 strongest 

(64) 

2—8 * 2 and 8 strongest. 

(61) 

2- -8 , 2 and 8 strongest. 

(C.2) 

Red lmnds fairly strong i 7 and 8 weak i 4 and 6 narrow. 

(64) 

2—8 , 2 and 3 strong 

(«») 

2 — 8 , 2 and 3 lory dark. 

(71) 

2 — 8; 2 and 3 strong 

(75) 

2 — 8 , wide and dark, especially in the rod. 

(82) 

2—8 , all strong, but especially 2 and 3. 

(104) 

2 and 3 strong and wide, 7 ami 8 fairly strong, 4 and 6 weak. 

(100) 

2 — 8 , wide and dark, especially in Ibo rod. 

(110) 

3 — 8 , yery pule, except 2 and 3. 

(120) 

2— 8 , well soon, 2 and 3 widest. 

(121) 

2 —8 , 2, 3, 7 strongest 

(12-1) 

2 — 8 , 2 and 8 especially wide and dark. 

(130) 

2 — 8 , well seen, 2 ami 3 strong. 

(132) 

2 — 8 ; narrow, except 2 and 3. 

(144) 

2—8 , well soon, 2 and 3 strongest. 

(146) 

2 — 8 , well soon, 2 and 3 strongest. 

(146) 

2—8 , rather narrow, 2 and 3 widest. 

(166) 

2—8 , 2 aud 8 strong, but not very wide. 

(160) 

2, 3, 4, 6, 7, 8; 2 and 3 wide and dark. 

(182) 

2 — 8, 2 and 3 strongest. 

(200) 

2— 8j well scon, 2 and 3 are the strongest. 

(203) 

2 — 8 1 seen with difficulty, 2 and 3 strongest. 

(205) 

2 —8 are visible, 2 and 3 darkest. 

(207) 

2 — 8| 2 and 3 strongest. 

(211) 

2 — 8 1 red strongest. 

(240) 

The six ordinary bands are strong, but only those in the red are 

(243) 

The six ordinary bands [ wide and dark in the rod \ 4 and 6 narrow. 

(244) 

2 and 3 ; rather wide Also 7 and 8 seen (not well marked). 

(268) 

2 and 3 wide and dark j 7 and 8 rather narrow | 4 and 6 not 
easily seen. 

(280) 

Six bands, strongest in tho rod. 

(887) 

2 and 3 wide and strongly marked i the others not so strong. 

(292) 

The six ordinary bands are Tiaiblo, widest in the rod. 

(894) 

2— 8| 2, 8 strong, tho others narrow. 
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Species 14 


Ho. of star 

Bands visible. 

(22) 

2—8 are seen, but they ore not well marked. 

(49) 

2 — 8 , narrow and not very dark. 

(00) 

2 — 8 i narrow and not verv dork 

(94) 

2 — 8 , not strongly marked , 4 and 5 weak, 

(107) 

2 — 8, very narrow. 

(HI)* 

2—9, narrow 

(118) 

2—8 , foeblv developed. 

(138) 

2—8, not strongly marked. 4 and 5 are very narrow. 

(149) 

2, 3, 5, 7, 8 , polo and narrow, feebly developed. 

(142) 

2—8 , not very wide. 

(107) 

2—8 , narrow and not very dark. 

(169) 

2 — 8; narrow. 

(179) 

2 — 8 , narrow and not very dark. 

(180) 

2—8, narrow. 

(187) 

2-8, weak, 

(250) 

Bands plain, but noithor wide nor dark. 

(282) 

The su ordinary bands, but only 2, 3, and 7 are passably wide. 


* In this owe the carbon has not died out us early as it luuiilly duo*, hi that band 
9 is Men in addition to 9—8. 


Species 15. 


No. of star. 

Bands visible. 

(«) 

2 and 8 wide and dark, others feeble and narrow. 

(®° )# 
a Ononu. 

1—10) rather palo and narrow. 

(96) 

Bands very narrow | 2 and 8 strongest. 

(101) 

2 and 3 very well seen, 7 and 8 weak, 4 and 5 doubtful. 

(188) 

Bands in the red are wide, the others narrow. 

(139) 

Bands woak end narrow. Something like the spectrum of Aldebaran 

(H7) 

2, 3, 7 ) others extremely narrow . 

(190) 

2, 3, 7, narrow bands , the rest almost like lines. 

(226) 

Foebly developed, 2 and 3 strongest. 

(235) 

Bands neither wide nor dork ; feebly developed. 

(#15) 

Bands plainly seen, but extremely narrow 

(279) 

2, 8, 7 dark, not very wido , 4 and 5 narrow. 


• The additional bands scon in this “star” arc in all probability due to its great 
brilliancy as compared with other members of the group. 
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Indefinite — Enrly Stages. 


No. of star. 

Buiul* risible. 

(3) 

Baud* weak, but very wide, especially m the green and blue. 

(W 

Bond* wide, especially m the green and blue. 

( 31 ) 

Baud* wide and dark, especially m the green and blue. 

(34) 

Banda dark, but rather narrow. 

(45) 

Band* wide , those in the blue are *lronger than those in the red. 

(69) 

Fairly well derrloped ) 4 and 6 narrow. 

(6H) 

Band* Wido and dark, especially m the green and blue. 

(72) 

Feebly derrloped i band* willed, in green and blue. 

(81) 

Feebly del eloped i 7 and 8 are heat Tuublo. 

(100) 

Bands wide and dark, capeoially 7 and 8 

(100) 

Bands dark, and wide in the blue and green. 

(131) 

Bands wide and dark, especially in green and blue. 

(161) 

Bands wide and dark, especially in the green and blue. 

(169) 

Banda in blue and green are very wide and dark. 

(106) 

Band* wide and well soon, especially in green and bine 

(168) 

Banda wide and strong, especially in the green and blue. 

(170) 

The bands in tlie blue are lery wide. 

(192) 

Bands are wide, especially ill the green and blue. 

(201) 

Baud* wide and wull seen, espci (ally 7 and H. 

(206) 

Banda easily seen m green and blue ; feebly devolopod. 

(209) 

Bauds well seen, especially in green and blue 

(222) 

Bands wide and dark, especially in green and blue. 

(223) 

Bands visible throughout the spectrum, strongest in green and blue. 

(224) 

Bands in green and bluo are very wide and dark. 

(218) 

Bands dark and risible oven m the blue. 

(262) 

Bands visible even in the blue, weakest in the red. 
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Indefinite— Later Stages. 


No of star 

Bands visible. 

(«) 

Hands pretty wide, and visible oven in bluo. 

(10) 

Bands enormously wide. 

(14) 

Bands narrow and dark throughout the spectrum, but ospocially in 
the red. 

(35) 

Feebly developed, but the band* loom to bo wide. 

(43) 

Bunds enormously wide, but very feeble. 

(47) 

Bands wide, spectrum weak 

(77) 

Bands wide and dark in the red, weaker in the blue and green. 

(80) 

Bands wide, hut uot very dark , seen in blue also 

(84) 

Feebly developed, hut 2—8 are seen (Dimer's “ fechly dei eloped ” 
means much developed from my point of view, if the bands are tlun) 

(102) 

Bands wide, but pale. 

(lit) 

Bands wide and pule, except 2 and 3, which are strong 

(110) 

Bunds wide throughout the spoetruin 

(126) 

Bands wide and pale, hut visiblo even in the blue. 

(127) 

Bauds wide, but very pda. 

(157) 

Bands wide, hut pale 

(163) 

Bands are pale, but visible even in the bluo. 

(210) 

Bunds wide, but feeble. 

(213) 

Bands in tho roil well marked i 4 and 5 weaker. 

(210) 

The six ordinary hands ore scon, but they are rothor pole. 

(23 L) 

Bands not very dork, but wide and risible oven m tho bluo 

(236) 

Bands wide, but weak. 


Totally Indeterminate, on account of Absence of Details. 


No. of star 

Bands visible 

(18) 

Feebly developed (No details given.) 

(81) 

Feebly developed. 

(68) 

Feebly developed \ bands vory mdistinot. 

(68) 

Doubtful whether Ilia or 1116. 

(78) 

Only reooguued as Ilia on one occasion. 

(79) 

Feebly developed. 

(86) 

Doubtful whothor III* or 1114. 

(105) 

Foebly developed , somewhat unoertaiu. 

• (1*8) 

Very foebly developed. 

(178) 

Foebly developed. 

(288) 

Foebly developed. 

(267) 

Very foobly developed. 

(■Ml) 

Very foebly developed. 

(872) 

Not well markod. 


f Ilia. 
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Past V.— On tjie Cacsb ok Variation in the Light of Bodihs OF 
Groups I and II. 

I. General Views on Variability; 

In my former papor I inferred to the collision of meteor-swarms as 
producing “ now stars," and to the periastron passage of one Hwarm 
throngh another as producing the more or less rognlar variability 
observed in the case of some stars of the group under consideration. 

I propose now to consider this question of variability at somewhat 
greater length, but only that part of it which tonohes non-condensed 
swarms ; i.e., I shall for the present leave the phenomena of new stars, 
and of those whose variability is caused by eclipses, aside. 

It is not necessary that I shonld pause here to state at length tho 
causes of stellar vai iability which have been suggested from time to 
time. It will suffice, perhaps that I should refer to one of the first 
suggestions which we owe to Sir 1. Nowton, and to the last general 
discussion of tho matter, which we owe to Zollner (‘ Photometrische 
Untersuchungen,’ 76 and 77, p 252). 

Newton ascribed that Hpcoial class of variability, to which I 
shall have most to refer in the Beqnel, as due to tho appulse of 
comets. 

“ Sic etiam stellro fixes, qu® paulatim expii-ant in lucem et vapores, 
comotis in ipsas incidontibus refici possunt, et novo aUmento accmuoo pro 
BteUii now * haberi. Hujus generis sunt stell® fix®, qua subito appa- 
rent, et sub initio quam maxime splendent, et subinde paulatim evan- 
osennt. Tftlm ftiit Stella in cathedra Cassiopeia quam Cornelius 
Gemma octavo Novemhris 1572 lustrando illam cceli partem nocte 
Berena minime vidit ; at nocto proxima (Novcm. 9) vidit fixis omnibus 
splendidiorem, et luce sna vix cedentem Voneri. Hanc Tycho 
Brahmns vidit nndecimo ejusdeni mensis nbi maxime splenduit ; et ex 
eo tempore paulatim decrescentetn ot spatio mensium sexdecim evan- 
escentem observavit ” (‘ Pnncipia,’ p. 525, Glasgow, 1871). 

With regard to another class of variables he makes a suggestion 
which has generally been accepted since : — 

“ Sed fix®, qu® per viceB apparent et evaneseunt, qneque paulatim 
crescnnt, et luce sna fixas tertire niagnitudmis vix unqnam superant, 
videntur esse goneris alterius, et revolvendo partem lncidam et partem 
obscuram per vices ostendere. Vapores autem, qni ex sole et stellis 
fixis et caudis cometarum oriuntur, iuoidere possunt per gravitatem 
suam m atmosphmros planetarum et ibi condensari et converti in 
aqnam ot spiritus hnmidos, et subinde per lentum calorem in sales et 
snlphnra et tinotnras et limnm et lutnm et argillam et arenam et 
lapides et coralla et subs tan tias alias terreetres paulatim migrare.'" 
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Zollner in point of fact advances very little beyond the views 
advocated by Kenton and Sir W. Heraehel. lie considers the main 
canses of variability to be as follows. Ho lays the greatest stress npon 
an advanced stage of cooling, and the consequent formation of scoriaj 
which float about on the molten mass. Those formed at the poles are 
driven towards the equator by the centrifugal force, and by the 
increasing mpidity of rotation they are compelled to deviate from 
their course. Those facts, anil tlio mooting which takes plare between 
the molten matter, flowing in an opposite direction, influence the form 
and position of the cold non-lununous matter, and hence vary the 
rotationul effects, and therefore the luminous or non- luminous appear- 
ance of the body to distant observers. 

This general theory, however, does not exclude other causes, such as, 
for instance, the sadden illumination of a star by the heat produced 
by collision of two dark bodies, variability produced by the revolution 
of a dark body, or by the passage of the light through nebulous light- 
absorbiug masses. 

If the views I have put forward are true, the objects now under 
consideration are those m the heavens which are least condensed. In 
this point, then, they differ essentially from all trne stars like the 
Inn 

This fundamental difference of structure should be revealed in the 
phenomena of variability; that is to say — The variability of the 
bodies we are now considering should be different in hind as well as in 
degree from that observed in some cases in bodies like the snn or 
« Lyrw, taken as representing highly condensed types. There is also 
little doubt I think, that fnture research will show that when we get 
Short-period variability in bodies like theso, we are here really dealing 
With the variability of a closo companion. 

II. On this Vabusility 1 * Gaour L 

That many of the nebalee are variablo is well known, though so far 
its I am aware there are no complete records of the spectroscopic result 
bf the variability. But bearing in mind that in some of these bodies 
tre have the olivine line by itself, and in others, which are nsnally 
brighter, we have tho lines of hydrogen added, it does not seem 
unreasonable to suppose that any increase of temperature brought 
about by the increased number of collisions should add the lines of 
hydrogen to tho spectrum of a nobula in which they were not pre- 
viously visible. 

The explanation of the hydrogen in tho variablo stars is not at first 
so obvious, but a little consideration will show that this must happen 
if my theory be trne. 

Sinoe the stars with bright lines arc, as I have attempted to show, 
vol. xliv. a 
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very akin to nebulm in their structure, we might, reasoning by analogy, 
suppose tluvt any marked variability in their cose also would bo 
accompanied by the coming out of the bright hydrogen lines. 

This is really exactly what happens both in fi Lyras and in 7 Cas- 
siojiene. In fi Lyree the appearance of the hues of hydrogen has a 
period of between six and seven days, and in 7 Cassio]ieite they appear 
from time to time, although the period 1ms not yet been determined. 

III. 0 » Tint Vaihabiuty is Obolt II. 

This same kind of variability takes place in stars with the bright 
flntings of carbon indicated in their spoctra, o Ceti bring a marvellous 


Flo. 17 .— Explanation of the variability of bodies of Group II (1 ) Maximum 
variation. The eUipee represents tho orbit of the smaller swarm, winch revolve* 
round tho larger. Tho orbit of the revolving swarm is very elliptical, *0 that 
at pen uni ron the number of collisions is enormously increased. 

case in point. In m Orionis, one of the most highly developed of 
these stars, the hydrogen lines are invisible ; the simple and snffioient 
explanation of this being that, as I have already suggested, the bright 
lines from the interspaces now at their minimum and containing 
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vn pours at a very high temperature — tectr the line-absorption spectrum 
now beginning to replace the flutinga — balance the absorption of tho 
meteoric nuclei. 

Anything which in this condition of light-cqui librium will increase 
tho amount of incandescent gas and vapour in the interspace! with 
bring about the appearance of the hydrogen lines as bright ones, 
Tho thing above all things most capable of doing this in a most 
transcendental fashion is tho invasion, of one part of the swarm by 


Fio 18.— Explanation of tho Tambihfy of bodies of Group II. (2.) Medium 
variation. In this oase, there will be a greater number of collisions at perias- 
tron than at other part* of the orbit. The variation in the light, however, will 
not be very great under the conditions represented, a# tho revolving swarm never 
gets very near the middle of the central one. 

another one moving with a high velocity. This is oxactly what I 
postulate. The wonderful thing under these oircumstanoes then 
would be that bright hydrogen should not add itself to tho bright 
carbon, not only in bright-line stars, bat in tboso the spectrum of which 
consists of mixed Actings, bright carbon representing the radiation. 

I nOw propose to use this question of variability ia Group II as a 
further test of my views. 

o 2 
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The first teat we have of the theory is that there should be more 
variability in this group thon in any of the others. Others are as 
follows . (2) When the swarm is most spaced, we shall have the least 
results from collisions, but (3) whon it is fairly condensed, the effect 
at periastron passage (if wo tako the simplest oaso of a double star in 
posse) will be greatest of all, bocause (4) condensation may ultimately 
bring the control swarm almost entirely within the orbit of the 
secondary (oometic) body, in which case no collisions could happen. 


Tm. 19. — Explanation of the variability of bodies of Group II. (3) Minimum 
variation. Under tho oondilion* shown, the smaller swarm will never bo 
entirely out of the larger one, and at periastron the number of collisions will 
not be very grestly increased. Consequently, the isnation in the amount of 
light given out will be amall. 

In the light of what has gone before it is as easy to test these 
points as the former ones. 

The Frequent Occurrence qf Variability in Group II. 

The total number of stars included in Argelandcr’s Oataloguo, 
which deals generally with stars down to the ninth magnitude, bat in 
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which, however, are many stars between the ninth and tenth, is 
824,118. The most complete catalogue of variables (without distinc- 
tion) that we have has been compiled by Mr. Gore, and published in 
the ‘Proceedings of the Royal lush Academy’ (senes u, vol 4, 
No. 2, July, 1884, pp. 150 — 163) I find 191 known variables are 
given; of those 111 aro in the northern hemisphere and 80 in tho 
southern hemisphere. 

In the catalogue of stmpccted variable stars given in No 3 of tho 
same volume (January, 1885, pp 271 — 310), I find 7:1(5 stare, of 
which 381 are in the northern and 355 in the southern hemisphere. 

Taking, then, those in the northern hemisphere, both known and 
suspected, we have the number 492. 

We have then as a rough estimate for the northern heavens one 
variable to 659 stars taken generally. 

The number of objects of Group II observed by Duner, and 
recorded in his admirable memoir, is 297; of these forty-four are 
variable. 

So that here we pass from 1 in 657 to l in 7. 

Of the great development of variability-conditions in this group 
then there can be no question. 

To apply the other tests above referred to, I bai 
study of the Observations of each variable recorded by Dnnor. I fim. 
they may be grouped in the following 


Table of Variables . 

1. All bands visible but narrow. 


No. in 
liundr 
Cat, 

N.„, 

Mm. 

Mm. 

Period 


209 

H Cephei 

4? 

5 t 

irreg. 




2 Bands well marked, but feebler in Roil 


Dundr 

Oat. 


Max. 

Mm. 

Period 


186 

828 

81 

WHemuhs(PV) 

R Sagittoni .... 
SUydne 

>8 

7 

7-8 

<12 

12 

<14 

290 P 
270 
250 , 
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3. Bands wide and strong, especially 7 and 8. 


No in 

Cut. 

Name. 

Max 

Min 

Period. 


23 






37 

B Taiiri 

i 7'8 

<13 

320 


63 

S Came Mm . 

7 

<11 

332 


76 

B Canon 

• , 6 

<11— 12 

aoo 


in 

K JxH>niH Min . 

..1 6 

10 

313 


too 

B On M«j . . . 


0 

12 

303 


]06 




<0 

160 1 


118 

HC'orti ... 

;• 

7 

<11 13 

319 



R liotitu 


6 

12 

223 


lllj 




12—13 

190? 


170 

B Sorpoiltli . . 


56 

<11 

:ir,8 


131 

U Herculi* . . . 


07 

11—12 

403 


102 

8 lioroulu , . . 


6 

12 

303 


105 

B Opliiuolti . . . . 


78 

12 

302 



4. AH bands markedly wide and strong 
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6 Bands thin nnd pale. 


No in 

1 Inner 
Cat 

Name 

Max 

1 

Mm. 

50 

n Ononis . . . 

| , 

1 4 

128 

8 Urn Mai 

1 7 8 

11 

137 

2.18 

R Pnuvmis . 

8 \ IlllH'C. 

t. 7 

11—12 

201 

R Vulpe. 

7 8 

13 




irtvn 

225 

2*7 


137 


A glance &L the above tables will show that the kind of variability 
presented by these objects is a very special one, and is remarkable for 
its great rungu. Tlio light may be stated in the most general terms to 
vaiy about six magnitudes — from the sixth to the twelfth. This I 
think, is a fair average; the small numbor of cases with a smaller 
variation 1 shall refer to afterwards. A variation of six magnitudes 
means roughly that tho variable at its maximum is somewhere about 
250 times brighter than at its minimum * 

J have already indicated that, with regard to the various origins of 
the variability of stars which have been suggested, those winch have 
been always most in vogne oonsider the maximum luminosity of tho 
star as the normal one; and, indeed, with regard to tho Algol type of 

* Obtained by the formula L« » (2 512)* . T;„ + «. 

Fur differences «f 6, 6, 7 aad 8 msg we get 

L«- 10002. L - + I 

- 2J121.L. + , 

- (Mill L - + 7 

- 15H5S3.Ii.4a 

L„ — light of a star of magnitude m 
L«+ . *> „ „ s magnitude* fainter. 
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stars of short period, which obviously are not hero in question, there 
can be no reasonable doubt, that the oclipse explanation is a valid 
one; but in cases such us we are now considering, when wo may say 
that the ordinary period is a year, this explanation is as much out of 
place on account of period, as ure such suggested causes ns stellar 
rotation and varying amount of spotted urou on a stellar surface, on 
account of rungc. 

We are driven, then, to consider a condition of things in which 
the minimum represents the constant condition, and the maximum a 
condition imposed by Bomo causo which produces an excess of light ; 
so fur us I know the only explanation on such a basis as this that has 
been previously offered is the one wo one to Newton, who suggested 
such stellar variability as that we arc now considering was due to 
conflagrations brought about at the maximum by the uppulse of 
comets. 

How the Difficulty of Regular Vt iriabihty on Neuton’s Vine ts got over 
in mine. 

It will have been noticed that tho suggestion put forward by 
myself is obviously very near akin to the one put forward by Newton, 
and no doubt bis would have been more thoroughly considered than 
it has been hitherto, if for a moment the true nature of the special 
class of bodies we are now considering had been cn evidence. Wo 
know that some of them at their minimum put on a special ap- 
pearance of therr own in that haziness to which 1 hme before 
referred as buying been observed by Mr limd My researches show 
thut they arc probably nebulous, if indeed they are not all of them 
planetary nebul® in a further stage of condensation, and such a 
disturbance as the one I have suggested wonld bo certain to be com- 
petent to increase the luminous radiations of such a congeries to tho 
extent indicated. 

Some writers have objected to Newton’s hypothesis on tho ground 
that such a conflagration as he pictured could not occur periodically ; 
but this objection I imagine chiefly dcpetulod upon tbe idea that the 
conflagration brought about by one impact of this kind would be quite 
sufficient to destroy one or both bodies, and thus put an end to any 
possibilities of rhythmically recurrent uction It was understood that 
the body conflagrated was solid like our oarth. However valid this 
objection might bo us urged against Newton’s view, it cannot apply to 
none, because in such a swarm as I have suggested, an increase of 
light to tbe extent required might easily be produced by tbe incan- 
descence of a few hundred tons of meteorites. 

I have already referred to the fact that the initial species of the stars 
we are now considering have spectra almost comotary, and this leads 
us to the view that we m ly have among them in some casus swarms 
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with doable naclei —incipient doable stars, a smaller swarm revolving 
round the largor condensation, or rather round their common centre 
of gravity. In such a condition of things as this, it is obvious that, 
as before stated, in tho swarms having a mean condensation this 
action is the more likely to take place, for tho reason that at first the 
meteorites are too sparse for many collisions to oot nr, and that, finally, 
tho ontliors of tho major swarm aro draw u witlnn the orbit of tho 
smaller one, so that it passes clear. The tallies show that this view is 
entirely consistent with the facts observed, for the greater number of 
instances of variability occnr in tlic case of those stars in which 011 
other grounds mean sjiacing seems probablo 

The Cases of Snail ltange. 

So far, to account for the greatest difforcnce in luminosity at 
penastron passage, we l»ve supposed tho minor swarm to lie only 
involved in tho larger one during a part of its revolution, bat we can 
easily conceive a condition of things in which its orbit is so nearly 
circular that it is almost entirely involved m the larger Bwnrm 
Undor these conditions, collisions would occur in every pin t of tho 
orbit, and they would only be more iraraerous at penastron in the 
more condensed central part of tho swarm, and it is to this that I 
asenbe the origin of tho phenomena in those objects — a very small 
number — in which the variation of light is very far below the normal 
range, ono or two magnitudes mstoad of six or seven. Of course, if 
wo imagine two subsidiary swarms, tho kind of variability displayed 
by such objocts as Lyric is easily explained. 

Study of Lijht Curves. 

I owe to tho kindness of Mr. Knott the opportunity of studying 
several light curves of “ stars ” of this group, and they seem to entirely 
justify tho explanation which I have put forward It is necessary, 
however, that the enrvos should bo somewlmt carefully considered 
because in some cases the period of the minimum is extremely small, 
as if the secondary body scarcely left the atmosphere of tho primary 
one but was always at work. But when we come to examine the 
shape of the curves more carefully what wo find is that the rise to 
maximum is extremely rapid ; in tho case of U Gemmorum for instance 
there is a rise of five magnitudes in a day and a half j whereas the fall 
to minimum is relatively slow. The possible explanation of this is 
that the rise of the curve gives us the first sudden lnminosity due to 
the collisions of the swarms, while the descent indicates to ns the 
gradual toning down of the disturbance. If it bo considered fair to 
make the descending curve from the maximum exactly symmetrical 
with the ascending one od the assumption thnt the immediate effect 
produced is absolutely instantaneous, then wo find in all cases that I 
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have so far studied that the star would continue for a considerable 
time at its minimum 

Broadly speaking, then, we may say that the \ariables in this group 
nro close double*. The invisibility of tho companion being due to 
the nearness to the primary or to its faintness. 

Double Stars 

If, in connexion with this subject, we refer to tho various observa- 
tions winch have been made of doable nebula* and stars, we are 
driven to tho conclusion (lint in many cases a double star has at one 
time existed as a double nebula, while on the other hand, from what 
has boon stated it seems probable that m many eases the companion is a 
late addition to the system It would seem as if wo may be able in 
tho future, by observiug the spectra of double stars, or possibly even 
their colours when once each particular colour has been attached to 
a particular spectrum, to discriminate between these two condi- 
tions. 

In discussing this matter, however, a difficulty arises on account of 
the fact that ou the new \ iew there will be no constant relation 
lietwoen tho mass of a swarm and ita brightness When we see a 
“star” of ft certain magnitude, wo cannot toll from ita brightness 
alone whether it is a large faint one or a small bright one, for a large 
body at a low temperature may lie equalled or even excelled in bright- 
ness by a smaller “ star ” at a higher temperature. But when wo know 
tho spectra of tho bodies, we also know their relative temperatures. 
In tho absence of spectroscopic details, colour helps ns to a certain 
extent. 

If a pair of “ stain ” of unequal mosses have condensed from tho same 
nebulosity, the smaller one will be further advanced along the tempe- 
rature curve than the larger one, and the colours and spectra will be 
diifereut , but it is not imperative that the magnitudes shall be unequal, 
for the smaller swarm will for a tune be considerably hotter than the 
larger one. 

If the masses bo very unequal, the smaller ouo will have the smaller 
magnitude for the longest time. Where there is a great difference in 
magnitude, therefore, it is generally fair to assume that the one with 
the smaller magnitude has also the smallor mass. 

Another difficulty m the discussion, in the abesnoe of spectrosoopio 
details, is due to the similarity m colour of bodies at opposite points 
of the temperature curve. Thus, bodies in Group III have, as far as 
we at present know, exactly the same colour, namely, yellow, as those 
ia Group V. Again, many of the members of Group II have the same 
colour as some m Group VI. 

The general conditions with regard to this subject may be thus 
briefly stated: — If the magnitudes, colours, and spectra of the two 
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components of a physical double are identical, both bad their origin 
in. the same nebulosity. 

Tf the magnitudes are nearly equal, but the colours and spectra 
different, it may be that the ono with the most advanced spectrum has 
the smaller mass, and if the advance is in duo proportion, we are 
justified in regarding thorn as having had a common origin. 

If the magnitudes aro very unequal, we ma> take the ono with the 
smaller magnitude as having the smaller ruasR, and if it is propor- 
tionately in advance, as indicated by itB spectrum or colour, we may 
regard both components as having had a common origin. If the 
smaller one lie less advanced than the larger one, as most generally 
happens, we have to regard it as a late addition to the system. 

If the two stars are of equal mass and revolve round their common 
contre of gravity they have in all probability done ho fi-om tho nebu- 
lous stage, and therefore they will have arrived at the same stage 
along tho evolution road, and their colours and spectra will lie 
identical. 

If, however, the masses are very different, then the smaller mass 
will run through its changes at a much greater rate than tho larger 
one. In this way it is possible that tho stars seen so frequently 
associated with globular neb aim may ho explained , while the nebula 
with a larger mass remains Btill in the nebulous condition, the smaller 
ono may bi advanced to any point, and may indeed oven be totally 
invisible, while tlio parent nebula is still a nebula. Tins condition 
may bo stated most generally by pointing to those double stars in 
which the companions are small ami red, although wo know nothing 
for oertam with regard to their mosses. But if we pass to the other 
category in which the companion is aided afterwards, the most 
extreme form would be a nebula ro\ olving round a completely formed 
star ; a less extromo form would be a bright lino star, or a star of the 
second group, revolving round it. In tins case the colour would be 
bine or greenisli-blue or gray ; now this is the gieally preponderating 
condition, as I have gathered from a discussion of the colours of the 
small companions given in Smyth's ‘ Celestial Cycle'; and accepting 
those colours alone, wo should be led to think that most of the small 
companions of our present stars were not companions originally, but 
represent later additions to the systems 

It is obvious that there are very many other questions of great 
interest lying round these considerations, but it is not ncoessary that 
I should refer at greater length to them on this occasion, as my 
present object is only to show that a consideration of the colours of 
double stars really adds weight to the. cause of variability which I 
have suggested. 
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[IUceived April 9, 1888]. 

Cosci umo.v. 

Although in this paper I have chiefly confined myself to the discus- 
sion of the probablo nature of the bodies in Groups I and II, I ha\ e 
also been engaged in the investigation of the spectra of Borne of the 
liodios included in tho remaining groups, with a view to their detailed 
clnssiticalion. Here, however, the worlc goes on slowly for lack of 
published material, especially with regard to the examination of tho 
Btars which should be included in Groups III and V. With regard to 
Group VI, however, I may state that all tho still's the spectra of which 
lnivo been recorded have been distributed among five well-marked 
species, and that there is evidence that some of the absorption is pro- 
duced by substances which remain in the atmosphore during tho next 
stage, that of Grunp VII. This probability is based upon the fact 
that some of tho bands are apparently coincident with bands in the 
tellnrio spectrum as mapped by Brewster, Angstrom, Smyth, and 
others. 

In special connexion with the discussion of GronpB I and IT, the 
spectrum of the Aurora Borealis, concerning which l have already 
(January 19, 1888) communicated to the Society a preliminary note 
indicating the possiblo connexion between the spectra of the anrora 
and of stars of Group II, has been further studied. By this inquiry 
the work has been advanced a stage, and tho view is strengthened 
that m the case of the aurora the spectrum is mainly one of metallic 
flutiugs and lines, probably produced by electric glows in an atmo- 
sphere charged with meteoric dust and the dMrri » of shooting stars ; 
while in bodies of Groups I and II it is chiefly produced by collisions 
between the component meteorites. 

It may be thought by some premature to give an extended discus- 
sion of tho bodies belonging to the two groups which have been dealt 
with boforo my view of their constitution has been thoroughly tested 
by observations. My reasons, however, for the present publication 
are twofold. I have not sufficient optical poworat my disposal to go 
over the ground myself, and I have been anxious to save time by 
indicating to those who are at phesent occupied with stellar spectra, 
or who may be prepared to undertake such observations with suffi- 
cient optical appliances, the points ohiofly requiring investigation as 
being of a crucial nature. 

From this point of view the small number of observatories paying 
attention to these matters is much to be regretted, and tho import- 
ance of Mrs. Draper's noble endowment of spectroscopic photography 
at Harvard College will be best appreciated 

I may, however, say that I have made some observations in the 
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clear air of Wesfcgate-on-Sea, with a fine 12-inoh mirror which 
has been kindly lent to me by Mr. Common, which have couviuced 
pie of the existence of bright carbon flntings in a Ononis. This is 
the most craoial observation I have boon able to suggest. 

The necessity for tho employment of largo aportaros in the investi- 
gation iB shown by the fact that with Mr Common’s mirror 1 was 
totally unable to see any lines in tho Bpcctrnm of 7 Cassiopeue except 
the rod line of hydrogen. 

Tho laboratory researches on the spectra of meteorites aro also being 
continued. 1 Am glad to be permitted to stato that the meteorites 
employed from tho commencement of my woik are fragmonts of un- 
doubted authenticity which have benn placed at my disposal by the 
Trustees of the British Museum, and my best thanks are due to that 
body. 

I have also to thank Professor Flower and Mr Fletchor, the official 
in charge of the Mineral Department, for their kindness m giving me 
special facilities for studying onr national collections. 

Finally, as before, I have to thank my assistants, Messrs. Fowler, 
Taylor, and Richards for tho manner in winch they have helped me 
throughout these inquiries Their intelligent and unflagging seal 
have rendered mo greatly their debtor 

I also wish to thank Mr Collings for tho caru with which the illus- 
trations have been prepared. 


Presents, April 12, 11188. 

Transactions. 

Adelaide:— Royal Society of South Australia. Transactions and 
Proceedings and Report. Vol. IX. 8 vo. Adelaide 1887. 

The Society 

Cambridge, Mass. : — Harvard College. Museum of Comparative 
Zoology. Memoirs. Vol. XV. 4to. Cambridge 1887. 

Tho Museum. 

Chapel Hill, N 0. Elisha Mitchell Scientific Society. Journal. 
Vol. IV. Parts 1-2. 8 vo. Chapel Uill 1887. 

Tho Society. 

Delft — ficolo Polytechniquo. Annalea Tome III. Livr. 4. 4to. 

Leide 1888. The School. 

Dijon : — Acad 6 mie des Sciences, Arts et Belles-Lettres, liiblio- 
graphie Bourguignonne. Supplement. 8 vo. Dijon 1888 

Tho Academy. 

Frankfnrt-am-Oder : — Natnrwissenschaftlioher Verein Monatliche 
Mittheilungen aus dem Gcsaramtgebieto der Natnrwissen- 
•chaften. Jahrg. V, Nr. 9-10. 8 vo. [Frankfurt] 1887-8; 
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Franaactiomi (cMitinneP) . * 

Soeiotntnm Litter®. 1887. No 127 1888. ISos. 1-2. 8vo. 
[Frank fwt.] The Veroin. 

Leipzig — Kdnigl Sachs desellRchaft Her Wipsenschaften. Berichte. 
(Math.-Phys. Classe ) 1887 Nr. 1-2. 8vo. Lripth / 1888. 

The Society. 

Liverpool — Livcrjiool Astronomical Society. Journal. Vol. VI. 

Part 8vo. Jarupon 1 1888. The Society. 

London : — Institution of Civil Engineers. Minutes of Proceedings. 
Vol. XC1. 8vo Tsindon 1888. The Institution. 

Royal Astronomical Society Memoirs Vol XLTX. Part 1. 
4to. London 1888 , List of Fellows. 1887 8vo. 

The Society. 

Royal College of Surgeons. Calendar. 1887 8vo. London. 

The College. 

Royal Institute of British Architects. Journal of Proceedings 
Vol. IV. No. 2. 4to London 1888. The Institute. 

Society of Antiquaries. List of Fellows. 1887 8vo [Lonthm.] 

The Society. 

Zoological Society. List of Fellows. 1887. 8vo. London. 

The Society. 

Nowenstle-npon-Tyne — North of England Institute of Mining 
and Mechanical Engineers. Transactions. 8vo. Newcastle 1888. 

The Institute 

Paris : — BibliothAquo do l'Eeole des Hantes fttudos Sciences Philo- 
logiques ct Historiqucs. Fuse. 75. 8vo. Paris 1888. 

The School. 

fieole Normalo Sup^rieure Annales. Tome IT. Nos. &-10. 
4 to. Paris 1885. Tome V. No. 3. 4to. Paris 1888. 

The School. 

Rcolo Polytechniquo Journal. Cahier 57. 4to. Pans 1887. 

The School. 

Society Qfologique do France. Bulletin. Tome XVI. No. 1 
8vo Pans 1888 The Society. 

Society Math^rnatiqno do France. Bulletin. Tomo XVI. No. 1. 
8vo. Paiis 1888. The Society. 

St. Petersburg- Academic Imperials des Sciences. M^moires. 
Tome XXXV. No. 10. 4to. St. Petersburg 1887. 

The Academy. 

Shanghai — Royal Asiatic Society. (China Branch.) Journal. 
Vol. XXII. Nos. 1-2. 8vo. Shanghai 1887. 

The Society. 

Vienna — K. K. Geograpln’scho Gesellsohaft. Mittheilnngen. Band 
XXX. 8vo. Wien 1887. The Society. 

K. K. Geologiscbe Rcichsonstalt. Ahhandlnngen. Band XI. 
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Abth. 2. 4to. Wim 1887 ; Jahrbuch Band XXXVII. Heft 2. 
8vo. Wien 1888; Verhandlungen. 1887. Nos. 9-16. 8vo. 
Wien The Institute. 

K K Naturhistorisohes Hof museum. Annalen. Band III. Nr. 1. 
8vo Wien 1888. Tho Museum.* 

Wiirzburg . — Physikalisch-Mediciuisohe Qesellschaft Sitzungs- 
berichte. Jahrg. 1887. 8vo. Wurzburg. The Society. 


Report. 

Liverpool: — Free Publio Library, Museum, and Walkor Art Gallery. 
Thirty-fifth Annual Report. 8vo. Liverpool 1888. 

The Committee. 


Journals. 

American Journal of Philology Vol. VIII. No 4. 8vo. Baltimore 
1887. The Editor. 

Annales des Minos. Tomo XII. Livr. 4-5. 8vo Pane 1887. 

L’Ecolo des Mines. 

Asclepiad (The) Vol. V. No. 17. 8vo. London 1888. 

Dr. B. W. Richardson, F.R.S. 
Bullettino di Bibliografia e di Storia dolls Soienxa Mutoraaticho e 
Fisicho. Tomo XX. G iugno — Luglio, 1887. 4to. Roma. 

The Prince Bonoompagni. 
Naturalist (Tho) Nos. 152-3. 8vo. London 1888. The Editors. 
Revista dg Obsorvatorio. Anno III. Nos. 1-2. 8vo. Bio do 
Janeiro 1888. Tho Imperial Observatory, Rio de Janeiro* 

Timehri. Vol. I. (New Series.) Part 2. 8vo. Demerara 1887. 
Royal Agricultural and Commercial Society of British Guiana. 


Papers relative to the Royal Society formorly in the possession of Sir 
Joseph Banks, including several autograph documents. 

The Hon. Edw. Stanhope, M.P. 
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' Admiral Sir G. H. RICHARDS, K.C.B., Vice-President, in the 
Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The Right Hon. Txird Sudoley was admitted into the Society. 

The following Papers were road — 

I. “The Radio-M J ci ometer.” By C. V. Boys, A.R.S.M. Com- 
municated by Professor A. W. RCckjjb, F.R.S. Received 
March 8, 1888. 

(Abstract.) 

In the full paper I have treated the subject of the radio-micrometer 
in such a mannor as to arrivo at the best proportions of tho instru- 
ment. Hut I have first referred to tho fact that tho invention of an 
instrument of tho kind was originally made by M. d’Arsonval, and it 
was in ignorance of this that 1 sent in my preliminary note. 

The instrument consists essentially of a thermo-electric circuit 
suspended by a torsion fibre in o strong mugnotic field. At first I 
.have shown that the parts cannot bo too thin nor the circuit too small 
until tho limits imposed by practical considerations make further re- 
duction objectionable. I have mado the circuit of a bar of antimony 
and bismuth, with the ends joined by a hoop of copper wiro. 

I have at first taken tho bar as an invariable, and shown how the 
oopper wire may be proportioned to it to give tho best results 

By “ best ” may be meant that which will give tho greatest doflec- 
tion, either for the woight or for the moment of inertia of the sus- 
pended parts. 

Calling 

W the woight of the bar and mirror (invariable), 
w the weight of the copper wire (variable), 

C tho resistance of the bar (invariable), 
r the resistance of the copper wire (variable), 
l the length of the rectanglo of copper, supposed 1 cm. wide, 
m' the weight of a piece of copper of unit dimensions, 
v tho resistance of a piece of copper of unit dimensions, 
a the sectional area of the copper wire, 
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Tho best sectional area, a 
Twieo the best length, 'll 


v'm 


and that tho best number of turns of wire is 1. 

The numerical values for a particular bar 10 X 5 x { mm are — 


a = 0 002007 sq em , l = 4021 cm 


If tho breadth be also a variable, tho best rectangle is a square of 
infinite size mado of the samo wire, which is alwayB tho best, what* 
ever Bbape, size, or number of turns the circuit may liavo. 

Tho best circuit with respect to moment of inertia is that which 
is practically required, because a convenient period of oscillation must 
be made use of, and so the torsion must be supposed to vary as tho 
moment of inertia A difficulty was found iu working tho expression 
for this, which was entirely overcome by supposing the wire where it 
crosses the axis to have a sectional area proportional to its distance 
from the axis, except in its immediate neighbourhood On this sup- 
position the resistance and tho moment of inertia of tho upper side of 
the rectangle are each equal to that of half tho same longth of copper 
wire on the sides, Hnd thus not only has the best variation "been 
found, but, what is more important, tho coefficients for resistance 
and moment of inertia have been made identical, which is required 
in order to put tbo equations into a simple form. 

Tho expressions found with respect to weight are now applicable to 
moment of inertia if certain changes are made. ThuB, tho fignre 1 
in tho expression for length must bo replaced by J Tho moment 
of inertia of the active bar K must replaco its weight W, and tho 
moment of inertia of a unit piece of copper at 5 mm. from tho 
axis u must replace its weight u' 

It is thus found that the expressions for 


Tho best sectional area, a 




And this is true whatever length or number of turns the circuit 
may have. 


Twice tho best length, 21 




As before, tho best number of turns is 1. 
The numerical valuos are — 


a = 0'00102 sq. cm., 


I = 2‘337 cm 
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These expressions give the proportions which will prodnoo the 
greatest deflection. Bat in case of a strong magnet the resistance 
to the motion is so great as to be more than sufficient to make the 
movement dead beat, and this is inconvenient. I have therefore 
introduced tho effect of this resistance into the equations, and fonnd 
expressions for tho best circuit that i'b just dead boat. 

Galling H' tho loast magnetic field that will make the circuit dead 
beat, 

G the conductivity of the wholo circuit, 

K' the moment of inertia of the wholo circuit, 

I have shown that — 

V T VO 

and that the greatest sensibility of a circuit that is just dead boat 

S = V’-^ 

From these it is found that tho best sectional area is reduced to about 
three-fourths its previous volne, but that tho shorter tho reotanglo of 
■oopper the better, until tho greatest magnetic field that oan be made 
nse of practically is reached. 

On considering variations of breadth in tho circuit, it is found that 
if the upper side of the rectangle — that which crosses tho axis— is 
neglected, tho sensibility is independent of tho breadth, and that the 
following relations hold : — 

b "““ = 5V / S’ 

a*,. i/¥2. 

26 v «v 

when b is the breadth, and that what I have called the greatest 
officacy Eh i.e., sensibility in a given field, is — 

E* = - 

* 8</(KCw)' 

Sinoe tho cross wire becomes increasingly mischiovous with an 
increasing breadth of oircuit, b cannot be made too small. 

Further, it appears that the copper wire should have the same 
moment of inertia and resistance as the invariable parts of tho 
-cirouit. 

Other expressions are given, but it may be sufficient to state here 
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that the circuit whioh is best according to the rules given by these 
equations is soven times as good as the beBt previously found. 

I have thon shown that the mirror must bo of snch a size as to 
have a moment of inertia one-third of that of the active bar. In 
tho particular case considered, wbero the activo bar consists of two 
pieces, ono antimony and one biBmnth, B x 1 x J mm., at a mean 
distunoe of 1 mm. apart, the diameter of the mirror should be 2} mm. 
This size both theoretically should, and practically does, enable one 
with certainty to observe a deflection of ^ mm. on a scale I metre 
distant. 

General considerations show that the antimony-bismuth bars cannot 
have too small a sectional area, but that the length when already short 
is only involved in a secondary manner 

It is shown that the heat in the 011*0011 is equalised mainly by con- 
duction, which is thirty times as effective as the Peltier action. 

It is found necessary to scrcon tho antimony and bismuth from the 
magnetic field by letting them swing in a hole in a pioco of soft iron 
buried in the brass work. 

I have shown that the instrument imagined m the preliminary note 
would be so much more than dead beat that it would not be possible 
to nse it advantageously, but on making a corresponding calculation 
for tho best circuit, now found, using conditions which have been 
proved by practice to work well together, a difference of temperature 
of one ten -millionth of a degree centigrade is by no means beyond 
the power of observation. 

The figures given by an actual comparison between tho newest 
instrument and ono of tho original pattern is very favourable to tho 
former 

In conclusion, I have explained the peculiar action of tho rotating 
pile, and havo shown that it is different from that figured in Noad’s 
‘ Electricity and Magnetism.’ 


II. “On Hamilton’s Numbers. Part II.” By J. J. SYLVESTER, 
D.C.L., F.R.S., Savilian Professor of Geometry in the 
University of Oxford, and James Hammond, M.A., Cantab. 
Received March 9, 1888. 

(Abstract.) 

§ 4. Continuation, to an infinite number of terms, of the Asymptotic 
Development for Hypothemual Numbers. 

In the third section of this paper ('Phil. Trans.,’ A., vol. 178, 
p. 311) it was stated, on what is now Been to be insufficient evidence, 
that the asymptotic development of p—q, the half of any hypothennsal 
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number, could be expressed as a series of powers of q— r, the half of 
its antecedent, in which the indices followed the soqnenco 2, f, 1, |, 
«.* 

It was there shown that, when quantities of an order of magni- 
tude inferior to that of (q—r)* are neglected, 

P~q = ( 2 -r)»+ Kj-r)* + U(q~ r ) + U(q~ r ) i 
but, on attempting to carry this development farther, it was found 
that, though the next term came ont T | *- s (q— r) 1 , there was an in- 
finite series of terms intci posed between this ono and ( q—r )* 

In the present section it will bo proved that between (q—r)* and 
(q—r)* there lies an infinite series of terms whose mdicos are — 

b A, il. K. AV» 

and whoso coefficients form a geometrical series of which the first 
term is tHt and the common ratio § 

We shall assnnio the law of the indices (which, it may bo re- 
marked, is identical with that givon in the introduction to this paper 
as originally printed in the * Proceedings ’) and write — 

p-q = (q-r)»+ }(^-r)» + ii( 2 -r)+V?(9--»•) , 

+ |A( f -r)» + ~B( ? — r)* + |c(</-r)» 

+ D(?— r)H + -^E (g— r)AV + &c , ad inf 

+ «*•••• <!■> 

The law of the coefficients will then bo established by proving 
that — 

A=B = C = D = E= ... = 

If there woro any terms of an order superior to that of (q—r)*, 
whose indices did not obey the assumed law, any such term would 
make its presence felt in tho course of the work , for, in the process 
we shall employ, the coefficient of each term has to be determined 
bofore that of any subsequent term can be found. It was in this 
way that the existence of terms between (q—r)* and (q—r)* was 
made manifest in the unsuccessful attempt to calculate tho coefficient 
of (q-r)*. 

It thus appears that the assumed law of the indices is the true one. 
It will be remembered that p, q, r, ... . are the halves of the 
* In tho text aborc © represent* tome unknown function, the asymptotic value 
of whoee ratio to (j - r)* is finite. 
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sharpened Hamiltonian Numbers E« +1 , E„, E«_ t> .... and that con- 
sequently the relation — 

E„(E„-1) E» +1 (E._,-l)(B^ I -2) 

E,+. - 1+— 17273 + 

may be written in the form — 

_ , . g(8g-l) _ r(2r-l)(2r-2) s(2s-l)(2s- 2 )(8»-8) • 

2 2.3 T 23.4 

<(2l-l)(2f-2)(2/-3)(2f-4) 

2. 3.4.5 

, «(2m— 1)(2m— 2)(2«— 3)(2»— 4)(2«— 5) 
+ 2 .3 .4. 5 .6 


- ( 2 ) 

The comparison of this valuo of p with that given by (1) furnishes 
ns with an equation which, after several reductions have been made 
in which special attention must be paid to the order of the quantities 
under consideration, ultimately leads to the determination of the 
values of A, B, 0, . . . in succession. 


IIL “Hydraulic Probloms on the Cross-sections of Pipes and 
Channels.” By Henry Hennessy, F.R.S., Professor ot 
Applied Mathematics and Mechanism in the Royal College 
of Science for Ireland. Received March 14, 1388. 

In that division of hydromechanics which is devoted to the investi- 
gation of the flow of liquids through pipes and open channols, the 
resistance duo to the friction of the contained liquid against the sides 
of the pipes or channels has led to expressions for the velocity as a 
function of the dimensions and shape of the cross-section oommonly 
designated as the hydraulic mean depth. 

This quantity is defined as the quotient of the area of the cross- 
section of the liquid by that part of its perimeter in contact with the 
pipe or channel. In a full pipe this perimoter is identical with that 
of the pipe's cross-section, and in practice this is generally a circle. 

It is also proved from the Calculus of Variations that a circle is the 
closed curve which, under a given perimeter, has the largest area, and 
by the same processes of analysis a segment of a circle appears to be 
that which includes the greatest area between its arc and its ohord. 

If we call the hydraulic mean depth of a pipe or channel bonnded 
by a curved outline u , its definition gives the condition 
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j V* 

f' 7 Vl 1+ (S)} 

where the limits of the integrals are taken between the same points 
on the curvo. 

If l=ftlxs/ {-$)■} is given, then the problem is to find the 

curve which makes fi/dx a maximum for tho given valnoof l This is 
u well-known inopenmetricn.1 problem*, for by the principles of the 
Calculus of Variations we have in this ease — 

fj (v + + (S) ) ^ = °> 

w hero « is arbitrary, and therefore 



which gives 

* — c dy/tlx _ ^clji x — e f 

and y — e' = */{<*’ — (® — c)*} tho equation of a oircle with 
radius = a This resnlt proves that for a full pipe tho oircle gives 
the greatest hydraulic mean dopth, but it does not tell what is the 
particular ore of a circle which gives the greatest quotient for the 
area of tho segment between ltBelf and its chord divided by itself. 
This is best done by tho ordinary methods of maxima and minima as 
follows : — 

Let 0 represent the angle subtended at centre by tho segment of the 
circle whoso radius m r, then — 

• In his * History of the Calculus of Variations,’ p. 69, Todhunter has made a 
remark on this problem j namely, that if the curve instead of being closed were 
required to pass through two given fixed points with the aro botween these points 
of a given length, the constants of integration would not be arbitrary, and there 
would be two equations from the fact of the circle passing through the given points 
and another arising from the given length The eolation here given avoids the 
necessity of two such equations by employing the well-known properties of an are 
of a circle and its included segment.— March 29, 1888. 
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du , /sin 0 — 0 cos 0\ 

To = H ¥ ) 

$ -szi » + 29 ' “»]■ 

When ~ = 0, 0 = tan®, 

this may bo satisfied either hy 0 = 0, or by some arc between r and 
2r. The root 0 = 0, substituted in the valuo of ipnjiitfi, makes this 
positive and equal to $r, as may be easily shown by expanding sin0 
and cos 0. Let now 0 = v + ft, and by successive trials wc shall 
find that (3 = 77’ 27' nearly satisfies the equation r + ft = tan /S 
With this value 0 is 257° 27', cos 0 and sm 0 are both negative and 
i Pu/dtfl is also negative, showing that the result giveB a maximum for u, 
which in this case becomes 

u = £ r (1 + 0 21722) = 0 6086 r, nearly 

The hydraulic mean depth of a full pipo or of a half-full pipo of 
circular section is 0 Hr, hence that for a section Iobb by about three- 
tenths of the perimeter of tho circle is greater. The area of the 
section of grentest hydraulic mean depth is 2 74142r s orO 87169 of the 
entire circle. If the pipe is nearly horizontal the qunntity of liquid 
contained in it is proportional to the cross-section, hence a circular 
pipe under such condition has the greatest hydraulic mean depth 
when it is nearly seven-eighths full, or when tho liquid has fallen from 
the full state so as to havo its fire surface AB the chord of an arc of 
102’ 38'. The versed sine of this arc is 0 1872 I) nearly, D being the 


Fio. 1. 
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diameter, ao that for a pipe of 2 feet internal diameter the greatest 
hydraulic mean depth would bo when the surface of the liquid had 
fiillen below tho top by 4 4028, or nearly 4^ inches. As the velooity 
of the liquid is nearly as tho square root of the hydraulio mean depth, 
the pipe filled to this height would carry liquid with a velocity 
slightly greater than when completely full This conclusion is only 
true when the effective head of liquid is duo solely to the inclination of 
the pipe When the level of tho liquid within the pipe falls the 
hydraulic mean depth tends towards its minimum value, and its 
decrease becomes rapid as the arc diminishes , thus if 0 is a very small 
angle 

•-K‘-=r)-n(‘-5> 

But r = L/ir, where L is the length of an aro of a semicircle ; 
hence if the 4th power of 6 is negligible wo have u = L0*/12 t. 

Although pipes and conduits for water supply aro usually quite full, 
thoao for drainage purposes ure most commonly only partly filled with 
liquid, and the amount of liquid is liablo to great fluctuations. This 
has led to the adoption for drainage pipes of an oval curve for the 
outline of cross-section, with the longer axis of the oval vertical and 
terminated at bottom by an arc of greater curvature than at top 
Tho form of this crosa-seotnm suggests an inquiry as to how far a 
curve which has been often treated in isoponmetricnl probloms would 
satisfy the conditions for giving a favourable hydraulic moan depth 
in an open channel with fluctuating contents. We have seen that a 
particular are of a circle gives a maximum for the quotient of the 
area of the segment divided by the perimeter of the arc, and we shall 
find that there is a particular catenary which givos a maximum for a 
corresponding quotient of the area included between its perimeter and 
its chord 

If as usual we make the directrix the axis of x, a tho parameter, 
and l the length of tho curve, thou adopting tho tunal notation 

x — a log + and y = */(P + o*), 

but in this case, as the area whose quotient divided by the perimeter 
is to be a maximum is the difference between the rectangle under the 
coordinates x and y and the area included between tho curve, its 
parameter, and the directrix, wo have manifestly — 

zy-fydx 
“ l ' 


and as fydx = cd, this may be written 
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ftv /(p + *») log (*±j4£±?9) _ a i 


The shape of the curve depends on the relation betwoon its para- 
meter and its length, hence we must find the value of a which makes 
« a maximum in tho abovo expression. The problem seems therefore 
to amount to this elementary statical question — A flexible aud 
uniform chain is attached to two supports on the same horizontal 
lino ; inquired the distance between the supports so as to make the area 
of the surfaoe included between the chain and the horizontal line tho 
greatest possible , or given the perimeter of a catenary to find the 
chord, so that tho area between itself and tho emvo shall be a maxi- 
mum The above expression gives — 


; _ (31 s + 2a*) a 3 log ( p + 2a 3 ) + a 3 ) 

da 3 a (P + a 3 )*" ’ 


If we write s = Ija , and make dujtla = 0, we have 


log (s + v/(l + «*)) = 


wo+*i) 


2 + * 3 


By successive trials this equation may bo satisfied by substituting 
t as 2 4, whence l = 2 '4a This value substituted in tho expression 
for cPu/da? gives a negative result, and therefore the value of v is a 
maximum when a = ^jl When z = 2'4, v^(l + * s ) = 2’6, and 
log (e + y/(l + * 3 )) se log 5 = 1 G094 nearly 

2*^(1 +*) _ 4 8.26 
sT-Fz* 7 76 " 16082 ' 

With farther approximation we should find therefore — 

l , r 2, , 26, 18. 

IT = ^-logS = jj l nearly, y = ~l = -I. 
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But the depth h of tho curve below it* chord in y — a or b. = fZ. 
In this inquiry l is the ponmeler of tho half curve, so that the total 
perimeter, the chord, and the depth are respectively in the ratio of 
the numbers 3, 2, and 1, or the chord of the oatenary of greatest area 
for a given perimeter is twice the depth, and tho length of the curve 
is throe times the dopth Tho outline of this curve is readily shown 
by attaching a fine chain of 3 units of length to supports at a distance 


Fio 2 



Tho chord AB - 2CD. 

Tho art Allli of tho catenary =■ 3CT> 


of 2 units The catena! y which would givo a miucimnm hydraulic 
moan depth for an open channel is therefore one whoBO depth is the 
radius and chord tho diameter of a semicircle On substituting the 
value of a fonnd nbovo m tlio equation for a, wo shall find that tho 
hydraulic mean depth of the catenary under consideration is nearly 
031/ or 0 1 55 f j, where Ij is the total penmoter of the curve In a 
semicircle the hydraulic mean depth is = L/2w, or 0 159L 
nearly, lienee tho hydraulic mean depth of tho catenary of maximum 
area is nearly equal to that of a semirirclo of equal perimoter. But 
a channel formed by tho outline of such a catenary would when the 
contained liquid falls, not be liable to so rapid a reduction of hydraulic 
mean depth os in the semicircle. For small arcs of a circle it has 
boon shown that this is proportional to the square of the angle sub- 
tended at the centre. In the catenary if 0 is the anglo made by tho 
tangent with tho directrix, it is also tbo angle made by the radius 
of curvature with the axis of y , which in this case coincides with the 
axis of depth, and as 

y = a sec 0, a = a log (Bee 0 + tan 0), l = a tan 0, 
w = [soo 0 log (sec 0 4- tan 6) — tan 0] 

= [log tan } (v + 0) — sin 0] 
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= a [cosec 6 log tan J (w +■ 0) — 1] 

= a [2 cosoc 0 (tan \0 + £ tan 3 $0 + &o. — 1) 

~[C+;+ k*+:m 

_ atf* 

- T’ 

when 0 s and higher powers are omitted , and remcmbormg that 
a = 2/(2 4) = L/(4‘8), we may wnto for snoh an arc — 

u = L0»/a9-2). 

An arc of the semicircle at its base subtending the angle 0 has 
when 0 is small the value L0 a /12v, os already pointod out Hence 
for a circular channel and for one formod by a catonary of equal pen- 
meter and maximum area, tho hydraulic mean depth for small seg- 
ments subtending equal angles would be greater for the latter. On 
looking at the outline of such a catonary inscribed in a somicircle, 
this result Booms to bo confirmed, and tho curve approaches the 
oval which experience has led engineers to adopt for tho section of 
pipes carrying fluctuating quantities of liquid. 

The general result of the preceding inquiry may bo summed up 
in tho following conclusions — For all pipes and conduits employed 
to convey liquid for consumption or for milling power, tho circular 
soction is the best, as the level of tho liquid in tlio pipo is rarely, if 
ever, below half tho diameter 

For drainage such a form is also the best if the liquid rarely falls 
below half the diameter, but if it is hablo to fall nearly to the bottom 
of the pipe or conduit, an oval form, such nB that actually recommended, 
is the best If the pipe iB likely to bo as often half full as slightly 
filled, it is probable that some udvantago would be gained by employ- 
ing the catenary of maximum area for a given perimoter for tho lower 
part of the oval. A pattern for this form can be always readily con- 
structed by remembering the relations 1, 2, 3 for tho depth, tho chord, 
and the length of the curve. In designing the base of tho pipe, it is 
only necessary, as already pointed out, to hang a fine chain of 3 units 
between supports placed at 2 units on the same horizontal lino. 

It is well known that in a triangular notch or trinngnlar channel, 
tho sides of which are at right angles, the velocity of the liquid varies 
but little with tho depth, and it is possible to conceive that a channel 
may have snoh a form as to make such a variation extremely small. 

If we suppose the surface of tho liquid in an open channel to be 
bounded by the chord of the cross-section of the channel, then we 
shall have as before the hydraulic moan depth — 
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my —fyd» 

PV(‘ + (£)*)' 

and if we make n = constant — 

•t\* 

tlie limits of the integrals in both casoa being taken on the same 
points of the curve. 

From this it follows that — 

4-VM9’}' 

which on integrating gives 

y = c log {* + >/(»* — c ! ) } + 0. 

This result indicates a catenary with its convexity turned to the 
chord iind to the axis of y, bat between tho limits x s= 0 and a> = at 
the valuo of y becomes imaginary, the constant c boing the hydraulic 
mean depth, which must tie very small in such a case as hero sup- 
posed, if we take * from x = c to x = x 

and such a notch or channel might he approximately realised by two 
arcs of a catenary with parameters corresponding to the small arbi- 
trary valuo of c 



A notch or channel with such a cross-section would have an almost 
constant hydraulic moon depth, but it would bo inapplicable to any 
useful purposes m the application of hydraulics. 

The cross-sectious of rivers and navigable canals arc regarded 
ohiefly with reference to permanence, and the question of their 
hydraulic mean depth is less important than in the case of water 
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supply and drainage pipes In canals the trnpezoidal section is that 
which experience has almost universally established as tho best whor- 
ever canals are carried through ordinary earth, and tho rectangular 
section is only adopted when the sides are composed of coherent 
matter snoli as rock or masonry The semicircular section for an 
open channel wonld not approximate to the shapes usually adopted m 
canals, but it may be worth remarking that the outline of tho 
oatenary of greatest area approaches more nearly to such shapes 


IV. “On tho Heating Effects of Electric Currents. No. III.” 
By W. H. P REECE, F.R.S. Received March 15. 1*88. 

I have taken a groat deal of pains to verify the dimensions of tho 
enrrents, as detailed in my paper road on December 22, 1887, required 
to fuse different wires of such thicknesses that the law 

C = 


is strictly followed ; and I submit the following os the final values of 
the constant “ a ” for tho different metals — 



Inches 

Cent'mi'l m» 

Millimetres 

Copper 

10,244 

2,530 

8(10 

Aluminium 

7,585 

1,873 

.VI 2 

Platinum 

5,172 

1,277 

40 4- 

Gorman silver 

• 5,2:10 

1,292 

40 8 

Platinoid 

4,750 

1,173 

37 l 

Iron 

3,148 

777 4 

24 6 

Tin 

1,642 

40'. 5 

12 8 

Alloy (lead and tin 2 to 1) 

1,318 

32'. 5 

1<>3 

Lead 

1,379 

840 6 

108 


With these constants I have calculated tho two following tables, 
which I hope will bo found of some use and valuo — 
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ill be Fused by a Current of Given Strength 
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V. “ On the Compounds of Ammonia with Kelonium Dioxide.” 
By Sir Charles A. Cameron, V.P.I.C., F.R.C.S.I., and John 
Macallan, F.I.C. Communicated by Pinfriwor Dewar, 
F.R.S. Received March 11), 1888. 

Tho following experiments were undertaken with the object, of 
determining the action of ammonia upon selenium dioxide They 
have rosin 1 ted in the discovery of two new componnds, which, from 
what has boon ascertained regarding thoir constitution, may, perhaps, 
be best designated by the term aelmniamatea or ammonium salts of an 
acid— solonosamic — yet to be isolated. 

Preparation of Neutral Ammonium Relenoaamate. 

Ammonia, which had boen carefully dned by passing through a 
Aeries of potash tubos, was lod into a solution of selenium dioxide in 
absolute alcohol. After tieing absorbed for some time, minute 
crystals commenced to deposit, and when complete precipitation bad 
taken place, tho liquid portion was filtered off, the crystals washod 
with alcohol, and dried over sulphuric acid in a vacuum. 

The compound formed as above described is a deliquescent salt, 
which soparates from its solution in alcoholic ammonia in minute, 
but very well-defined hexagonal prisms and pyramids — both forms 
often occurring in combination. It is a vory unstable substance, con- 
tinuously liberating ammonia, and tending to the formation of a 
more stable acid salt Some of the crystals which had been placed 
in a largo stoppered bottle were found aftor some weeks to bo entirely 
converted into large crystals of the acid salt. It also loses ammonia 
when treated with alcohol or water; and when its aqueous solution 
is evaporated in a vacuum, crystals of the acid salt remain When 
heated, it is at onco converted into (he acid salt. On account of its 
instability, it is best prepared m a partial vacuum, and when dried 
placed in a Btopperod bottle, which should bo quite full and kept in a 
cool place. In this way it may bo preserved of definite composition 
for a considerable time. It is with difficulty, and only partially, con- 
verted into ammonium selenite by tho action of water upon it. When 
barium chloride is added to its neutral aqueous solution, only a faint 
cloudiness is produced, until it is heated, whon a slight precipitate 
forms, but even after standing for weeks and long-continned boiling, 
only a portion of the selenium precipitates. Addition of excess of 
ammonia to the solution, however, precipitates a basic barium salt. 
It is but spai ingly soluble in cold alcoholio ammonia. 1 6658 gram of 
solution frem winch crystals had deposited, loft a residue of 
0‘0134 gram, reduced to acid salt, which is equivalent to a solubility 
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of one part in 116 at 12®/ Heated with the alcoholic ammonia it 
dissolves freely, bnt on cooling, the solution remains long super, 
saturated, crystals continning to deposit for several days. It is very 
slightly volatile at ordinary temperatures, both in a vacuum and in a 
current of air. As might be expected, potash at once liberates 
ammonia from it. Sulphurous acid and stannous chloride reduce it 
with separation of selenium It is only slightly affocted by hydro- 
chloric or nitric acid in the cold, but strong snlphnric acid reacts 
violently upon it, a portion of the salt being snblimed by the heat 
evolved Chlorine passed throngh its aqueous solution converts it 
completely into ammonium selenatc, — a reaction which web taken 
advantage of for its analysis. 0 7820 gram was dissolvod iu water, 
saturated with chlorine, and barium chlonde added. The resulting 
barium selonate weighed 1 5150 gram, equivalent to a percentage of 
76‘84 of selenium dioxide. Tho ammonia was estimated by K]<‘1- 
dahl’s process, slightly modified on aocount of tho volatility of tho 
substance. 0 5651 gram was mixed roughly with potassium perman- 
ganate in a small strong flask by means of a glass rod, after which a 
thin tube containing 10 c c of sulphuric aoid mixture was lowered 
into it, and broken by shaking the flask after it hail been well secured 
with an india-rubber cork. It was then heated to 150" for one hour 
in a paraffin bath. Tho contents of the flask distilled with potash 
yielded O' 13 175 gram of ammonia, equivalent to a percentage of 
23’32. Tho results obtained agree with the composition — 

2NH s ,SeO, = NH 4 ,SeO a (NH s ). 

Calculated found. 

SoOj 70 53 76 84 

NH S 2347 2132 

100 00 10016 

Tho original alcoholic solution from which the crystals had de|u>- 
sitod, was found to contain selenium. In order to ascertain in what 
form it existed, a portion of the solution was evaporated to dryne-s 
in a vacuum. Tho residue weighing 0 G6G gram, tiuated as before, 
yielded 1 285 gram of barium selenate, equivalent to 76 53 per cent 
of selenium dioxide, tho theoretical amount m the above componud, 
showing that a portion remained in solution after the crystals lmd 
deposited, It was considered a matter of interest to ascertain how 
much of the nitrogen in this salt would be precipitated by platinum 
chloride 05772 gram was accordingly taken, platinum chloride 
poured upon it, alcohol added, and the mixture allowed to Btand in 
the cold. The double chlonde obtained weighed T5502 gt am, equiva- 
lent to a percentage of 20'59 of ammonia. A second estimation m 



114 Compounds of Ammonia mik Stltnutm Dioxide. [Apr. 19, 

which 0 4153 gram ™ taken yielded 1 1206 gram of the doable 
chlondo equivalent to 20 69 per cent of ammonia In a third e« ti- 
ro a< ion 0 1835 gram was evapoiated down with platinum chloride* 
hut the doable ohloude obtained 10217 gram, showed a rather 
smaller percentage of ammonia namely, 20 52 The mean of the 
first two results 20 64 is equal to 87 94 per cent of the total 
ammonia and indicates that in addition to the basic nitrogen about 
thiee foui tbs of the mtiogcn untamed in the radical of the salt is 
precipitated by platinum chlonde 

Preparation of Aeul A mnonmrn Selenotamate 
A solution of the nmtial salt in absolnto alcohol was boiled down 
on the water bath until crystals weie deposited The liquid portion 
was then drained off and the ciystals washed with alcohol and dried 
in a lacunm On examinnti m they proved to consist of an acid 
salt It was alsof Mini that exp suie of the ntntral salt in a vacuum 
over sulphuric acid foi thirty houis was sufficient to convert it into 
the same acid c nipounl A poition of the silt obtained in the 
latter w ay w os submitted to analysis F n estimation of the selenium 
0 2 gram was diss lvod in watei saturated with chlorine an 1 pro 
cipitited with buium clilorile The i Limiting bauutn seleuate 
weighed 0 409 giam equivalent to a peirentage ot 81 11 of selenium 
dioxide In a second estimation 0 4208 grim yielded 0 87bl gram of 
barium selenate equivalent to 81 42 per cent of selenium dioxide 
Kjoldahl s process was found to be unsuitable m this case for csti 
mating the ammonia, the amount yielded by it being much too low, 
although a very high tempciaturo was maintained for a considerable 
time Combustion with soda lime also gave insufficient results owing 
to a portion of the substance being decomposed by the heat employed 
with evolution of mti gen Somewhat better results weie obtained 
by Dumas piocess 0 4035 gram yielded 4H e o of nitrogen at 12’ 
and 771 b mm equivalent to a percentage of 18 09 of ammonia An 
estimation of the selenium in the dried crystals was also made 
0 1523 gram yielded 0 3134 gram of barium selenate, equivalent to 
81 62 per cont of selenmm dioxide The results thus obtained ague 
with the formula 3NB, 2SoO, = NH^H (beO,NH a ), 

Prepared in vacuum Cryitall ted 

, * , from alcohol Calculated. 

12 8 4 

PeO . 81 42 . 81 11 . 8162 . 81 30 

NH g . 1809 . — . — . 1870 

Tho salt thus obtained is deliquescent, and easily soluble m alcohol, 
from which it sepaiates m large prisms 2 0270 grams of saturated 
solution left a residue weighiug 0 1191 gram, showing a solubility of 
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on* part in sixteen of absolute alcohol at 14*. No hydrate was 
obtained by evaporating its aqueous solution, hut the same crystalline 
forms were deposited as from alcohol. With barium chloride it 
behaves similarly to the neutral salt, a partial precipitation taking 
place only with difficulty. It possesses much greater stability than the 
neutral salt, but like the latter it is reduced by sulphurous acid and 
stannous chloride, and oxidised by chlorine Potash decomposes it 
with evolution of ammonia, bnt hydrochloric, nitric, or aulphnno 
acid has only a slight action upon it in the cold. Kept in a vacuum 
or in a current of air, it is appreciably volatile at ordinary tempera* 
tores. When heated strongly, a portion of it sublimes unchanged, 
part of it is converted into ammonium selenite, while the remainder 
is decomposed into ammonia, water, nitrogen, and a residue of lused 
selenium. In order to estimate the amount of ammonia precipitated 
by platinum chloride, 03140 gram was taken, which yielded 
0*6234 gram of the double chloride, equivalent to 15 26 per cent, of 
ammonia, the amount thus preuipitated being equal to 81 60 per cent, 
of the total amount of ammonia m tho salt. 

Relation of the Selenosamates to Sulphur Compounds 

It is stated that a compound is formed by the action of ammonia on 
sulphur dioxide, but the description of its properties shows that it 
does not correspond with the selcnosamates. Tho latter bodies 
correspond more closely with tho compounds which sulphur trioxide 
forms with ammonia. The molecule, SeO a , therefore, in these reac- 
tions acts similarly to SO,, rather than to what is usually regarded 
as its sulphnr analogue, namely SO,. 

In conclusion, we are engaged at present in the production of other 
selenosamateu, and hope to give an account of them at an early 
date. 


VI. " On the Logarithraio Law of Atomic Weights ” By G. 
Johnstons Stoney, MjL, D.Sc., FJt.8. Received April 16, 
1888. 

(Abstract.) 

This memoir is divided into five sections. 

Seotion 1. — When Newlands pointed out the dependence of the 
atomicity and other properties of some of the chemical elements upon 
the order in which their atomic weights succeed one another, and 
especially when this law was extended by Mendelejeff to all the 
» l«m*"ta ( jt became manifest that there exists a mathematical relation 
between a series of numbers and the successive atomic weights of the 
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In the first section the reason is pointed oat why the search lor this 
law has been fruitless, at least as hitherto panned by the author. The 
method he adopted was to plot down the atomic weights as ordinates 
of a diagram of which the abscisses represented some simple numerical 
sories, and to endeavour to extract information from the resulting 
curves. In this method atomic a eights are represented by lines, the 
ordinates of the figure. Now in the next section it will appear that, 
in that case, the curve is represented by the equation— 

y = * • [log (a*)] 8 , 

and is further complicated by x not representing simple integer num- 
bars, bnt a circular function of them. The search, therefore, by this 
method was from the first hopeless, as the resulting curve is one which 
has not been studied by geometers, and of whioh accordingly the 
inquirer could not recognise the appearance when presented to him. 

In Section 2 another method is pursued. The successive atomic 
weights, instead of being represented by lines, are represented by 
volumes. A succession of spheres are taken whose volumes are pro- 
portional to the atomic weights, and which may be called the atomic 
tphrret. When the radii of these spheres are plotted down on a 
diagram as ordinates, and a senes of integers as abscissas, the general 
form of the logarithmic curve 

V = *log( 9 ») 

becomes apparent : and close scrutiny has shown that it expresses the 
real law of nature. It is the central curve that threads its way 
through the positions given by observation, and the deviations from 
it of the positions assigned by the actual atomic weights will be in- 
cluded by making x a circular function of integer numbers, instead of 
those numbers themsolvos. The first three terms of this function have 
been determined. 

The issue of the investigation is to show that when such a diagrapi 
is formed with ordinates whioh are the onbe roots of the atomic 
weights referred to hydrogen as unit, so that the ordinates may be 
the radii of spheres whoso volumes represent the atomic weights — 

It . log (m»), 

0785 
V986) 

threads its way through the positions plotted 4pvrn from the qbserv* 
tk>ns. 


1. Tho logarithmic curve— 
V - * 

(where log It = 

and log a sb 



.'firwntt. 
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2. In the ewe of the peri wads (the element* of nneVen atomicity) 
the complete cure which include* their perturbations from the central 
carve ia — 

»- = fclog[.(m + * am ^ i sin ^ + subsequent teras^ J. 
the next term being probably either — 



8. The form of the function representing the perturbations of the 
prtiads is different, at all events after the third term 

Section 8. — There are other neighbouring logarithmic curves which 
pursue a course close to the observed positions, and in Si-ctiou 3 the 
method adopted in dealing with these carves is described, and the 
grounds on which they have been successively excluded are stated. 
The evidence relied on has been, for the most part, that the perturba- 
tions from them are less rednciblu to order. 

In Section 4 the curve finally selected is thrown into a polar form, 
and furnishes a diagram of singular convenience for laboratory use. 
It presents conspicuously the information which a Newhwds and 
Mendelcjeff’s table is capable of supplying, with the further advan- 
tage of also placing before the eye an intelligible representation ot 
the atomic weights. 

The last section contains some observations suggested by the inves- 
tigation, 
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April 26,1888. 

Professor G. G. STOKES, D.C.L., President, in tho Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were road : — 

I. u On the Coagulation of tho Blood.” Preliminary Communi- 

cation. By W. D. Halliburton, M.D., B.So., Assistant 
Profesaor of Physiology, University College, London. 
Communicated by Professor E. A. Schafer, F.R.8. (From 
the Physiological Laboratory, Univereity College, London.) 
Received March 20, 1888. 

[Publication deferred.] 

II. “ On the Development of the Electric Organ of Bata batia." 

By J. C. Ewart, M.D., Regius Professor of Natural History, 
University of Edinburgh. Communicated by J. BlJRDON 
Sanderson, F.R.S. Received March 21, 1888. 

(Abstract.) 

The paper consists of a short description of the electric organs 
found in the skate genua, and of an account of the development of 
the electric organ of the common grey skate (JBaia batia). 

It is shown that while m some abates (e.g., Baia batia and others) 
the organ is made up of disk-shaped bodies, in others {e.g., Baia 
fuHonica)it consists of numerous cup-shaped structures provided with 
long or short stems. 

The disks (with the development of which the paper chiefly deals) 
consist essentially of three layers, vis., (1) an electric plate in front in 
which the nerves end j (2) a striated layer whioh supports the electric 
plate ; and (3) an alveolar layer, posterior to which is a thick cushion 
of gelatinous tissue. Each disk is formed in connexion with a muscular 
fibre. In yonng embryos there is no indication of an eleotric organ, 
but in an embryo 6 or 7 cm. in length, some of the muscular fibres at 
each side of the notoobord are found in prooess of conversion into 
long slender clubs having their heads nearest the root of the tail. 

The club-stage having been reached, the muscular fibre neat 
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Miamei the' form of' a mace, and later the anterior end farther 
expands to form a relatively large disk, while the remainder of the 
original fibre persists as a slender ribbon-shaped appendage. As the 
head of the olnb enlarges to form a disk, it passes through an indis- 
tinct cap stage, which somewhat resembles the cups of the adult hnia 
fttllonica, hence it may be ioferred that in Baia fullonica the organ 
has been arrested in its development. The conversion of the muscular 
fibre into a club is largely caused by the increase at its anterior end 
of muscle corpuscles. These corpuscles eventually arrange themselves, 
either in front of the head o± the club, to give nBo to the eleotnc 
plate, or they migrate backwards to form at the junction of the head 
of the olnb with its stem the alveolar layer. The striated layer, which 
is from tho first devoid of nuclei, seems to be denvodfiom the anterior 
striated portion of the club. 

The gelatinous tissue between the disks and the connective tissue 
investing them, are derived from the embryonic connective tissue 
developing disks. 


HI. “ On the Occurrence of Aluminium in Certain Vascular 
Cryptogams.” By A. H. Chukoh, M.A., F.C.8. Communi- 
cated by Dr. J. H. Gilbkht, F.R.S. .Received March Of, 
1888. 

Most of the older and fairly complete analyses of plant-ashes dis- 
closed the presence of alumina in sensible quantities. Gradually, 
however, as analytical methods became more exact, it was generally 
recognised that this constituent had been derived from extraneous 
sources and not from the plants themselves; alumina had in tact been 
introduced by the employment of gloss and porcelain vessels, of 
impure reagents, and of imperfectly cleansed vegetable products. 
Even when traces of this oxide were obtained in analyses oonduoted 
under the most favourable conditions, on adventitious origin was 
assigned to them, and so the item of alumina disappeared entirely 
from the tables of the constituents of plant-ashes. Yet there ^rere 
some conspicuous exceptions, although these were confined to certain 
cryptogams, For Bitthausen in 1851 (‘ Journ. Prakt. Chem.,’ vol. 58, 
p. 418) found “ much alumina ” in the ash of Lycopodium ootnplana- 
Ywm, Linn., while Alderholdt in 1852 (‘ Ann. Chem. Pharm.,’ vol. 82, 
p. Ill) determined the percentage of alamina in the ash of the same 
Lycopodium to be 51*88 in the plant when gathered in March, and 
57*86 when collected in November The same ohemist found 26*65 
■per oent. of alumina in the ash of Lycopodium elaocUxtm. Again, in 
1856, Solms-Laubaoh found (‘ Ann. Chem. Pharm.,’ vol. 100, p. 297) 
in the ash of L. clavatum 27 per oent. and in the ash of L. oomplana- 
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turn var Chamascypanmu H per oent of alumina Those results 
with others by Aroeenius are conclusive as to the oocnrrenoe in 
notable proportion of alumina m the ash of certain Lycopodia But 
when Solms I anbach reoords m the aah of Velagin U a Iraunxaua 
A Br (erronco lily described as Ljcopodwm lentxcvlatum) the occur 
rence of 2 per cent of alumina we may regard the observation as 
likely to be inoorrect the same remark appl ca to the supposed du 
oovery of a a nnlar proport on of this earth in the ash of Atpxd am 
ftk<t mat and of Athynum filir fvmtna And when the ashes f these 
plants were examined by modem methods and with all the pre 
cantons whiol improved analyteal prooesses require then alnmma 
can scarcely be recognise 1 quid tatively in tl em In one of the 
Bpeciesof Selaginella lowevor whioh I examined I found a weighable 
trace of alumina namely 0 2f part in 100 parts of the ash This 
plant grown at Kew was Selaginella martennx var robutta (the 
t ompacta of A Braun) Ihe ash was large m amount lamely 
11 6( per oci t in the dry plan* bes des the 0 26 per oent of alnmma 
in it there was 41 03 per cent of silica ( Chemical NewB vol 30 
1874 p 137) In pursuing this inquiry I examined anth every 
possible precaution to ensure exactness throe British speoios of 
Ljeopodxum all obtained from the neighbour! ood of Shap in West 
moreland as well as the single Bpecies of Selaginella which belongs 
to Br tarn This last plant now known as Selaginella spmulo * « 
A Bi was foimerly called Lycopodium rpxnxdoium my supply 
came from Largo Links in Fifes! ire The following figures represent 
the percentages which I obtained — 

100 part* of a*h 
ooi la uad 


Lycopodium alpxnum. 

Percent agp of ash 
in dry plant 

368 

33 50 

fhoi 
10 24 

L davatum 

280 

15 24 

640 

L bdojo 

3 20 

7 29 

2 53 

Stltgmella tpmulota 

344 

none 

667 


All these results pointed unmistakeably to the conclusion that 
while alumina was an important mineral constituent of many species 
of Lycopolxum it was practically absent from Selaginella This dis 
tinotion waa confirmed by an analysis of L lent ives, which I subse- 
juently made This species belongs to a group of the genus Lyoo 
podium quite distinct botamcally from the group to which L alpxnum 
and L daiatvm belong and also distinct from the L relago group 
and the L complanalim group The following are the figures yielded 
by this plant — 
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100 parts at tth con- 
tained 

W». S.o7 

* Lycopodium eemuum, Linn 16'0i> 30115 

I found alumina (qualitatively) in the ash of another member of 
the L. r.emwim group, namely, L. eaiuanmoitlet, Spring, from Mount 
Ophir, Malacca, but the quantity of material at my disposal was too 
small to admit of quantitative determination. So far my results were 
strongly confirmatory of my conclusion that alumina was clinmctor- 
istio of Lycopodium, and absent from Selagtnella. But this opinion 
was soon serionsly shaken by an analysis of two exotic species of 
Lycopodium, namely, L PKlegmaria, Linn , and L. billardieri, Spring. 
These plants were examinod with the following rusultB . — 

100 parts of ash 
contained 

Percentage of ash , » ^ 

in dry plant A1A- SiO*. 

•T/ycnpodium Phlegmaria . . 4 08 0 45 — 

*L. billardieri 5' 46 trace 3 14 

On obtaining these results I abandoned the further proRocution of 
the inquiry, it being obvious that alumina could no longer be regarded 
ns a characteristic ingredient of the ash distinguishing Lycopodium 
from Belaginella. But whon Mr. J. O. Baker’s work on the ‘ Fern 
Allies’ was published last year I turned to the classification of the 
ninety-four species of Lycopodium there described, and found that 
these last-named plants belongod to a group containing eighteen 
species, all of which are opiphytio! It was clear that, haring no 
direct access to the soil, these plants could obtain alumina only from 
their living hosts, which in all probability contained nono or mei-e 
traces. The anomalous absence of this constituent from these two 
Lyoopodia was thus in a measure explained; at all events, it was 
proved that alumina was not essential to all the species of this genus, t 

The present research was extended by examining plant# more or 
less closely related to the two genera under discussion. Following 
the classification of Saolis (‘ Tcxt-book of Botany,’ edited by 8. H. 

• The analytes, In the preeent ptper, to which an asterisk it prefixed, have not 
been previously published. 

f Tbs occurrence of s high proportion of alumina in the mineral constituents of 
those coals whioh give the smallest proportion of sih loses much of its significance 
when the modo of the formation of coal is considered. If. is impossible to feel sure that 
this ssh is essential sod not intrusive. The so-called Ly copods of the Carboniferous 
Period are, moreover, now believed to belong to the Sttagimacca Of course it it 
possible that many of the plants of that remote geological epoch may hare 
absorbed an element which their recent repreeentatiyff refuge. 
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Vines, 2nd Ed., 1982), we have Equitetum, Ophioglouum, SaJtinia, 
and Martilea, on one aide of Lycopodium, with Ptilotum and then 
SelagineUa on the other — omitting, however, several families, includ- 
ing the trae ferns. The results were negative. 

100 puts of ash 
contained 

Percentage of a*h , 

in dry plant. A 1,0,. 

Equitetum maximum .... 20’02 none 

Ophioglottum mUgatum . . 8'25 none 

oflafvinia nalant 16'82 1‘86 

* Martilea quadrifoliata . . . 11‘66 0-54 

The alumina found in Salmnia was probably dne to the presence 
of traces of soil from which it was found impossible to free this 
floating water-plant. Both the Snlvinia and the Marsilea were grown 
in the lily house, Kow, and I bavo to thank the Director of the Royal 
Gardena for the material which I submitted to analysis 

The genus Ptilotum has been mentioned as botanioally near to 
Lycopodium; it contains but two spocios, one of which was examined 
for alumina with a negative result. 

100 p»rt» of Mh 
contained 

Percentage of ash , * , 

in dry plant. AW BiO.. 

Ptilotum triquetrum ... . 5’06 trace P 377 

After Ptilotum follow* Phiilloglnttum, of which one species only has 
been recognised ; this plant is too rare and too minnte to be available 
for analysis ; the aamo remark applies to the allied species Tmetipterie 
tann/nv't. Solaqinefla comes next, and then Itoftet. An analysis of 
at least one of the species of this last-named genus is still a deside- 
ratum. 

I will now revert, still following the classification of Sachs, to the 
true ferns. In uone of the British specie* have I been able to detect 
more than traces of alumina. But among the exotic Cyatheaoen 
which Sachs places above the Polypodiaceas, there seems to be a 
notable exception. Last year Mr. W P. Hewlett, of Pabiatua, 
Wellington, Now Zealand, forwarded to Mr. Thiselton Dyer some 
specimens of the ashes of a tree-fern. He wrote, under date 22nd 
February : “ The other day I found a half-burnt Pmga, or tree-fern. 
The ashes woro pure white, very tenacious, and retained the struoture 
of the wood. They were obviously not in any way contaminated 
with accidental impurities, nor had they been rained upon. . . . 

I wrote to a chemical student who said the ashes were chiefly alumina. 
This is very new to me. Alumina is generally thonght an accident, 
here it cannot be so. I do not know the (pedes of tree-fern.” 


SiO,. 

62-95 

5-82 

671 

088 
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• Mr. Howlett’s specimen of ash was handed to me by Mr. Thiaelton 
IJyer; the following results were obtained on analysing it, every 
precaution being taken to ensure an accurate result : — 

100 part* of ash contained 

lijoi! Sioj! KjO. 

•Tree-fern, New Zealand 19 65 1296 151 

This entirely unexpected discovery of nearly 20 per cent, of alnmina 
(two determinations gave 19 8 and 19 5) in tho ash of a tree-fern 
induced me to examine the ashes of known species of other Cyatheacero 
for this substance Three specimens of the caudos of distinct species of 
these plants were furnished by the kindness of the Director of the 
Royal Gardens, Kew. Of those ono only was sufficiently free from 
adventitious impurities to admit of trustworthy analysis A cross 
section of the caudox of this plant, Ci/alhea terra from the West Indies, 
was sawn so as to preserve intact the whole of its pith as well as its 
fibro- vascular sheath This section was broken np and burnt to a 
whito ash, which amounted to 2 7 per cent, of tho material dnod at 
100°. Bat it gave, on careful analysis, tho merest trace of alumina. 

100 part* of »h 
contained 

Percentage of aih , » ^ 

in dry plant. A1,0, SiO-. 

•Oyathea terra 270 0 20 12 65 

Even this trace of alumina may have been extraneous, since tho silica 
obtained was not entirely free from sandy particles (abont 1 J per cent, 
of the ash), although the material taken for the preparation of the ash 
was apparently perfectly clean. 

Mr. Howlett forwarded, with the ash of tho unknown tree-fern, a 
few grams of the caudex of a plant of Cyathen muditUaria. The 
amount was quite insufficient for a satisfactory determination of the 
ash and its constituents, so I was obliged to content myself with a 
qualitative examination for alumina. The very small quantity of ash 
which I obtained on the incineration of theso fragments of 0. moduHari* 
gave abundance of alumina. Indeed, 1 should not lie surprised to find 
that the ash of the undetermined troe-fern was really that of this, 
species of Cyathea. If this be tbe fact alumina will have been 
recognised, at present, in but a single species of tree-fern. Other’ 
genera of Cvatheacese, such as Ahophila and DicLtonia, may of course 
be characterised by the presence of this earth in notable quantities, 
but as yet analyses are wanting. 

So far, it will be seen, alumina has been found in important quanti- 
ties in a single tree-fern and in a number of different kinds of Lyco- 
podium, .Tho ash of another plant, however, contain* over 2 percent.. 
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of this earth. I refer, not to a vasoalar cryptogam, but to a member 
of the great olaas of Mutoi. In the water-moss, FonUnalii antipyretiea, 
alumina occurs among the ash constituents in a proportion which 
seems too large to be quite accidental. The specimens which I 
analysed were obtained in May from the Thames and Severn Canal, 
near Cirencester. After having been thoroughly oloansed they were 
analysed with the following results : — 

100 ptrfa of wh 

contained 

Percentage of ash , * 

m dry plant. A 1,0,. fliOf 

*Foniinalit antipyretxca . . 4' 76 2 82 24*53 

Further analyses of this plant and of its near allies are needed 
before a decisive conclusion can bo drawn from this analysis. 

In a previous paper, “ Notes on the Oocurrenoe of Aluminium in 
certain Cryptogams ” (‘ Chemical News,’ loo. cit.), I have detailed the 
various procautions which I have taken to prevent the intrusion of 
accidental traces of alumina during the analytical operations required 
for its determination. How far such precautions have been taken by 
the chemists who have recently investigated the occurrence of 
aluminium in certain vegetable products, I am not aware. But as the 
proportions of alumina obtained have been mnch Bmallcr than those 
recorded by the earlier analysts, it may be assumed that the determi- 
nations arc in general quite trustworthy. I now proceed to give a 
brief notico of the more important of these later inquiries, that it 
may be seen how their results differ from those to which attention 
has been directed in the present paper. 

Mr. H. Yoshidn found alumina in the ash of Japanese lacquer, the 
latex of Rhut vemicifera (‘ Cheiu Soc. Trans.,’ 1883, p. 481). But 
the qnautity iB quite insignificant. A tree yields annually about 
2 5 grams of lacquer, and this contains from 3 to 8 per oent. of the 
gum in which alone the alumina occurs. Mr. Yoshida found 5*1 por 
cent, of ash in this gum, and on analysing its ash detected alumina 
in it to the extent of 6 3 per cent, or thereabouts (‘Chem. Soc. 
Trans.,’ 1887, p 748). Now let ns see to what amount of alumina 
this corresponds per tree, assuming the maximum amount, 8 per cent , 
of gum above-named to be present in the latex. A single tree 


yields — 

Gum 0-2 gram. 

Ash in this gnm 0*01 „ 

Alumina in this ash .... 0*00063 „ 


that is, a single tree annually yields rather lees than two-thirds of a 
milligram of alumina. In other words, the latex or laoquer contains 
0*0025 per cent, of alumina. The chief point of interest connected 
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with this fact seems to lie in the concentration of the alumina in the 
gammy matter contained in the latex. It should be remarked here 
that a little alnmina occurs in the ash of some samples of oherry-tree 
gum and of gum arabio ; whether this substance be constantly present 
remains to be ascertained. 

Quite reoently hfr. H Yoshida (‘ Chem Soc. Trans.,’ 1887, p. 748) 
has determined the amount of alumina present in the ash of some 
grains and seeds, as Glycine Soja , the soy-bean, Phatcolu* mungo, 
the Mung-bean (the var. radiatus) ; noo, wheat, barley, two species of 
millet and back-wheat. The highest percentage, 0*272, was observed 
in the ash of Italian millet ; the lowest, 0 053, in the ash of the soy- 
bean. In none of these oases can alumina be regarded as a character- 
istic ingredient. 

Mr. W. C. Young (‘ Analyst,' vol 13, 1888, p. 6) confirms 
Mr. Yoshida's results as to the occurrence of alumina in wheat This 
experimenter found, moreover, that this constitnent is intimately asso- 
ciated with the glnten. In Vienna flour, containing 0 7 per cent, of 
ash, he found 0*0075 per cent of phosphate of alumina, which corre- 
sponds to 0*45 per cent, alnmina in the ash. This proportion may be 
in excess of the truth, for, in separating the alumina strong sodium 
hydrate solution was boiled in a glass vessel, while no mention is 
made of a blank analysis having been made to control tho result. 

The quantity of alnmina found by L’Hdte (‘Comptes Hendns,’ 
vol. 104, p. 853) in grapes and in wino scorns to be too small to bo 
taken into acoount , it is a more trace. 

So far as the materials at one’s disposal warrant any definite con- 
clusions, it may, perhaps, be permissible to say, that aluminium is a 
characteristic and abundant constituent of the ash of many, if not of 
all, the species of terrestrial Lycopodia ; that it is absent from Solsgi- 
nella and from a number of othor allied vascular cryptogams ; that it 
is present iu notable quantity in at least one species of tree-fern though 
practically absent from others ; and that it occurs in insignificant 
amount (like many other elements) m almost every plant in which its 
presence has been carefully sought fur. As to the state of combination 
in which alnmina exists in those plants in which it occurs in mere traces, 
we have very little information, but in the cereal grams and pulses it 
fa probably in combination with phosphorio acid. In Lycopodia John 
States that aluminium acetate occurs, Ritthausen speaks of the malate 
Arosenius of the tartrate. Anyhow it is oasy to extract abundance of 
an organic salt of aluminium by exhausting dried and pulverised 
Lycopodium alpinum with boiling water. So, in some cases, at least, 
the alnmina present in theso plants does not exist, as silica does in 
S^ieetum and other highly silicions vegetable structures, in an 
insoluble form. As to the physiological function, if any, of this 
it is mh to offer an opinion. It is just possible that it may 

VOf. IUT. * 
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serve to tome extent to neutralise the abundant organic acids of the 
plants in which it occurs, and thus assist, like the cognate element 
magnesium, in the metabolio processes of vegetation. 

One further observation may be hazarded. It remains to be seen 
whether tho study of the periodic function which qonnects the atomic 
weights with the general properties of the elements will throw any 
light upon the relations subsisting between vegetation and the few 
elements necessary for its development It seems that the position of 
aluminium in Mendelejeff’s third periodic series decidedly favours the 
view of the peculiarity of its occurrence in certain plants, taken in 
the present papor. It stands between magnesium and mlicon, two 
elements of which the physiological role iB, to say the least, obscure ; 
while of one of them — silicon, we may affirm that it is not an essential 
plant-food. Its occurrence in tho ashes of various plants is indeed 
more general and more abundant than that of aluminium, but appears 
to be quite as capricious ; and a point of difference as to tho state in 
which these two elements are found in plants is obvious. Aluminium 
occurs mainly if not entirely in the form of soluble organic salts, 
silicon in tho form of insoluble silica. 

In considering this aspect of the periodic law one cannot holp being 
stmek with the low atomic weights of the essential elements of plants. 
If wo exclnda certain cases of apparently casual and accidental 
absorption (of such dements as bromine, iodine, copper, zinc and 
arsenic) it will be noticed that Mendelejeff’s Series I, II, III and IV, 
having a range of atomic weights from 1 to 56, comprise all the essen- 
tial elements, even if we include manganese, chlorine, silicon and 
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aluminium. The identity of the position occupied by fluorine in 
Senes II with that of manganese in Serios 17 perhaps admits of 
correlation with the occurrence of these elements in plants. 

The table (p. 128) illustrates the preceding observations, and 
shows the periodio position of aluminium— tho element primarily 
under discussion. For the sake of distinctness the elements generally 
believed to be essential to the highor plants are printed in capitals, 
the elements of doubtful necessity in italics, and those which, if they 
oocnr at all in plants are certainly accidental, in ordinary type enclosed 
in brackets. 

PotUcripi . — Sinoo writing the above paper I have found that tho 
ash from the candex of another tree-fern ( Alsnphxla aiutralw) contains 
a very large quantity of alumina. The specimen analysed was from 
Tasmania. I have also detected more than mere traccB of alumina m 
the ash of the candex of Dicktonia nquarrom. 


IV. “ On the Nature and Limits of Reptilian Character in Mam- 
malian Teeth.” By H. G. Seeley, F.R.S., Professor of 
Geography in King’s College, London. Received April 4, 
1888. 

Approximations between reptiles and mammals have lieen recognised 
in many parts of the skeleton.* They are most marked between 
certain genera and orders of the two classes. The oldest known 
fossil representatives of both groups certainly approximate closer 
towards each other in all known parts of skoletons than do the 
orders which survive ; so it may bo a legitimate induction that, in an 
earlier period of geological time, the characters of both groups were 
so blended, that there existed neither the modern reptile, which has 
specialised by losing mammalian attributes, nor tho modem mamma], 
whioh has specialised by losing the skeletal characters which have 
oome to be regarded as reptilian. The most ancient mammals exhibit, 
iu the known parts of their skeletons, resemblances to Monotremes, 
Edentates, Insectivores, and apparently Carnivores; and it is among 
these orders that the olosest correspondence is found, bone for bone, 
with reptiles. Therefore, if an attempt were made to predict on an 
inductive basis, the kind of dentition which the earliest mammals 
which, existed would show, it might be expected to be in harmony 
with the mammalian and reptilian characters of their skeletons. On 
the same basis it might be suspected that existing mammals, with 
• BeseubUnoes between the Bone* at typieal living Reptiles and the Bone* of 
ether Animals i” “ Similitude* of the Bone#, 4oV’ ' Journal of the Linnesn Society, 
J&Mkgy.'rol. 18, 1874, pp. 1(6, 898, 

<■ x a 



18(f -Prof. H. G. Seeley. On On Nahtre and Limit t [Apr. 2<$,‘ 

reptilian elements in the skeleton, would still preterm teeth which 
might be compared with teeth of reptiles ; and as a matter of observa- 
tion it is found that there are several features in which teeth of 
reptiles and mammals resemble each other morphologically. 

The idea conveyed by the expression “ mammalian tooth ” is 
neoesaanly that specialisation of tooth structure which is limited to 
the mammalian class. It may be unknown in the dental conditions 
of entire families and orders of mammals. And there is an absence 
of pronounced character in the incisor or canine teeth of any mammal 
order which would distinguish them as mammalian. 

Similarly the idea implied in the term “reptilian tooth” is the 
specialisation of teeth in the reptilian class, which is as far from being 
universal id the class, as mammalian teeth are universal among 
mammals. Indeed, the lower mammals emphatically approach 
towards reptiles in all essential characters of tooth form. 

Because the diversities in the teeth of the two classes have been 
emphasised for purposes of classification, the significance of the 
resemblances has been loss considered. 

There are six typical characters of teeth which are regarded as 
mammalian. They are . — 

(l.) The presence of more than one root to a tooth ; 

(2.) The implantation of teeth by distinct sockets; 

(3 ) The existence of different kinds of teeth in the sarao jaw ; 

(4.) The development of distinct cusps to the teeth ; 

(5.) The wear of the crown with use ; 

(6.) Replacement by a saccessional series ; 

No one of these characters can be relied on os constant in the class; 
and its loss is in every case an approach towards a reptilian type. 

First, the root is not the original or essential part of the tooth. 
While the sncessional teeth are within the jaw they commonly have 
the roots undeveloped, and thus np to a certain stage of growth are 
without this evidence of class character. There is never more than 
one root to an incisor or canine tooth in any mammal ; and never more 
than one root to any tooth (so far as I can ascertain) in an existing 
Edentate or Cetacean. Hence if all mammals are supposed to have 
had a oommon origin, it is legitimate to conclude that all the teeth 
originally possessed but one root ; and that there is a certain relation 
subsequently established between the complexity of the orgwn and 
the numbor of the roots. 

The situation of a root would imply that its development i» due to 
the same law of growth under intermittent pressure or strain as deter- 
mines the form or elongation of any other bone * If more than one 
root is present they are commonly beneath the several parts of a tooth 
which have to resist intermittent strain or pressure. If the pressure 
• “ The tfeohtnina of Growth," ' Ann. Msg. Not. Hat.,’ April, 1S7J. 
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it great and the wear considerable the crown of the tooth grows in 
length, while the roots are relatively small ; bnt if the intermittent 
•train on the tooth is great then the crown is relatively short and the 
roots long. The latter condition is well seen in the molars of Carni- 
vora ; the former in the molars of rodents and ungulates. The smalt 
roots of ungulates and rodonts illustrate a mode of development of 
roots : for I have seen tooth of an aged fossil horse from the gravel 
in whieh the crown was completely worn down, and thon the roots 
appeared to he relatively almost as well developed as in Rhinoceros.* 
Perhaps no order is more instructive in regard to the classifications! 
value of roots of teeth than the Sironia, because M ana tut has tnber- 
culate teeth and well-developed roots to the molars, while Hulichoie 
has bat one strong root to these toeth, indistinguishable from the 
crown, with a hollow oomoal base, such as is often seen in Reptiles. 
From these considerations I infer that the type of tooth — at least as 
regards complexity — is to be correlated with the influences exercised 
by food, and is not a distinctive inheritance. 

Secondly, tbe implantation of teeth in bony sockets is a mammalian 
character which is not less well marked in tho Crocodiha and some 
extinct orders of Reptiles The implantation in mammals with 
single root* to the molars differs in no way from the oonditions which 
I have observed in Thenodont ltcptilia. There are some exceptions 
among mammals to the location of teeth in sockets, since in certain 
Cetacea the teeth are in a groove at the posterior end of the senes. 
And the Ornithorhynchus may be regarded as another exception, since 
it haa throe teeth on each side closely united together into one long 
ovate mass which is contained in a groove. The teeth are closer 
together than those of Ichthyosaurus, and there is no more definition 
of the groove into separate sockets than in that genus ; bnt there is 
nothing else in common, since the base of tbe dental plate ol Omitho- 
rhynchu t can acarcely be said to have roots. Frederick Cuvier 
described these teeth as horny ,+ and many writers have been disposed 
to regard them as horny plates rattier than true teeth. Sir R. Owen 
quotes a French analysis of the tooth substance as yielding 99'5 
horny matter and 0-8 calcareous matter.}: This may be true of tbe 
long anterior horny plates on the jaws, but it can hardly apply to the 
posterior teeth which are in a socket-groove. If the dental plate is 
extracted from the jaw and examined against transmitted light, each of 
the three teeth which form it will be seen to oonsist of a large opaque 
snbquadrate central portion, and an external translucent border of a 
homy appearanoe. I regard the latter as representing the uncalcifled 
enamel of the tooth, while the central portion corresponds to the 
* He specimen was obtained by the Her N. Brady fram Mar Cambridge, 
f • Dee Dents dee MammAies,’ 16£fi, p. *08. 

} * Odontography,’ p. 31L 
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remainder of the tooth. I hare had an opportunity, by the kindneaa of 
Dr. Garson, of examining the mierosoopio section* of these teeth pro* 
pared by the late Professor Qoekett, and preserved in the Museum of 
the Royal College of Surgeons, and they oonfirm my previous impres- 
sion that the central portion of the tooth is bony (at least in some 
spooimens), and in mierosoopio structure it shows large haversian 
canals surrounded by spaces and canaliouli. I therefore regard these 
teeth of Omxtkorhync hut as true teeth. But they seem to me to be 
teeth in coarse of degeneration, and m proooss of losing their cal- 
careous matter. They have already lost their root or roots, and have 
partially lost their individuality. The long anterior dental ridges 
appear to have carried this ohange one step further and have become 
dental layers formed of vortical parallel plates of bom in whioh there 
is no division into separate teeth, whioh are not imbedded in the jaw, 
bnt are a homy superficial substance. It is not without interest to 
remark that some other animals which have lost their teeth, like birds, 
aud presumably Chelonians, whioh use the jaws for biting, also have 
them sheathed in horn ; for the condition in Omithorhynchut suggests 
that the homy substance may represent the lost substance of 
teeth. 

Thirdly, mammalian teeth are commonly distinguishable into dif- 
ferent kinds, whioh when fully developed vary in the forms of their 
crowns, and are thus recognised as incisors, canines, promolars, and 
molars. This differentiation is almost entirely absent from the denti- 
tion of Cetacea and Edentata ; and it is well known that in different 
orders, canine toeth, or incisor teeth, or both, may be absent. These 
conditions can be frequently correlated with food. Bnt just at the 
grouping of the toeth in mammals may approach in simplicity the 
condition in reptiles, so the teeth of some reptiles in different parts 
of the jaws may parallel the divisions found in the jawa of mammals 
which show considerable differentiation. 

The fourth mammalian character is the cuspidate condition of the 
crown of the tooth. This results from a folding of the substance out 
of whioh the tooth is formed, and among the molar teeth of many 
mammals shows a specialisation whioh is unparalleled among reptiles. 
But on the other hand the complexity of some hinder-molars becomes 
simplified in the premolar region, and among Edentates and Cetaceans 
the tooth crowns are simpler than among some reptiles. In several 
orders of mammals it is obvious that the direotion in which the folds 
of tooth snbstanoe are disposed is at right angles to the direotion of 
movement of the lower jaw ; and therefore it may be a fair inference 
that the transverse widening of molar teeth, no less tban their diverse 
cuspidate character, is to be attributed to the increased work whioh 
food has given them to do in the molar region ; and that development 
or suppression of a cusp in allied genera of mammals depends upon this 
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oaoae With simplicity of function there is simplicity of detail in the 
crown of the tooth Some of the simplest teeth are found among the 
Edentata, where the tooth is often sub cylindrical, but as the crown 
is worn down, its original form u not seen faiuna, bowevei, is an 
Edentate with snccessional teeth, and while the crown is still within 
the jaw it has a form which u as reptilian in aspect as the molar tooth 
of a Teiu* The orown of the tooth of a Cachalot is a short carved 
cone Hence it is manifest that the molar teeth of mammals are not 
necessarily cuspidate, and that in simplicity of crown there may be 
no character to distinguish a mammal from a reptilo Fiom which it 
is probable that some primitive fossil mammals may also have a lep- 
tilrnn type of dentition lhe recent discovery of a set ot teeth in the 
jaws of OrnUhorhynchu* hithei to unknown, raises the question whether 
those teeth are mammalian Mr Po niton has only contributed a 
vertical transverse section of one of those tooth • which shows elevated 
external and internal cusps 1 have no other knowledge of those teeth, 
bnt the condition figured is suggestively similar to a ronespondmg 
suction of a molar tooth of the li/ard genus T uu t Professor Mi vart 
quotesj from Mr Poulton a passage, which I do not hnd in that 
gentleman s paper, describing the tooth, and from thst description it 
nould appear to corresp md generally with the tooth of the adult 
Ornttkc rhynohu* I have already considered some ( haraoters of those 
teeth, and allowing foi their dt generation they seem to me to 
approach as close perhaps to the fotm of orown m lizards like leiut 
as to any of the larger bats 

Fifthly, mammalian teeth are often remaikable for the wear of the 
orown This attrition appears to depend upon the form of the orown, 
the apposition of crowns the development of enamel, and the nature of 
food It is exceptionally well seen amoug Elephants, Ungulates and 
Edentates, but almost all mammalian tooth show some change of 
aspect with wear lhis condition ib much less general among leptiles, 
but iu the extinct Ornith ischta tho seriated crowns of the teeth are 
as well worn as in any mammal The long teeth of Hypei oda.pedon§ 
appear to be well woru down to tho palate Exceptionally tooth ot 
Ichthyo»auru$ and Polyptyokodon show both vertioal wear and lateial 
wear, and there are specimens in the Wood ward lan Museum from the 
Cambridge Greensand in whioh teeth of these genera have the crown 
worn away transversely almost down to the root, so that neither 
wear nor its absence has any importance as a class character, 

* 'Boy Soo Proc ' toI 43 p 355 

+ Sir B Owen oompare* the teeth of Ortuthorkynehut to those of the reptilian 
fcssU JPiarodm (‘Qeol Soo Quart Jouro rol 88 p 488), but the details of 
structure of the orown are not the same 

X ‘Boy 8oc Proe ,' ml 48 p 878 

| Ljdekier, ‘ India Gool 8urr Mem/ser ir, roL l, part 5, pi J 
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bat this oondition of teeth vanes in every order with the habitual 
food 

Finally, the succession of the teeth has been regarded as a mam- 
malian class character It is exceptional, and an individual peculi- 
arity for more than two sets of teeth to be cut m a mammal, though 
evidence has been brought forward that this roptilian condition is 
occasionally present in man But even in thoae mammals which out 
a second set of teeth there are commonly some molars which have 
no predecessors, and are a single senes throughout life bo far as is 
known, most Edentata and Cetacea have but one set of teeth, whioh is 
never renewed, snd according to Professor Flower, Tot-two is the 
only Edentate in which successional teeth are known to be developed 
I have seen no evidence of a successional tooth in any Dicynodont 
reptile Sir R Owen has found no evidenoe that the Thenodontia 
possessed ‘ a milk sines of teeth * When a successional tooth is 
present m mammals it usually ongmates below the tooth in wear, or 
behind it as in the elephant This condition is seen in some reptileB 
as in the Omithischia But the typical condition of reptilian snooes- 
sion is for the germ of the new tooth to be on the inner sido of the tooth 
in wear This is the condition in Iohthyosanrs and most of the extinct 
Reptilia, and is often though not invariably seen in Crocodiles It is, 
therefore interesting that Mr Ponlton describes the new-found teeth 
in Omtihorhynchvs as possibly on the inner side of the so called 
horny plates, though in the lonei jaw they are oertainly below those 
plates Hence if those gei ms are successions] teeth their relative 
position would not be inconsistent with reptilian or mammalian 
type 

From this discussion I conclude that tn all morphological relations 
the teeth of mammals may be so simplified as to approach closely to 
conditions which would be regarded as typically reptilian 

I have next to show thnt the prevalent conception of the roptilian 
type of tooth is equally indefinite The differentiation is less striking 
than among mammals, but in almost all tnoi phologioal characters 
reptiles suggestively approach mammals, though these characters 
seem to me most rematkable in the grouping of the teeth into ana- 
logues of molars, premolars, canines and incisors, and in the 
characters of the crown in molar and other teeth It is rather among 
the oldest extinct Reptilia that we should expect to find the nearest 
approach to mammalian dentition, and so it is , but evidences of a 
similar differentiation may be detected among Crocodiles and Luards 

The form of the crown vanes very little from front to back among 
Crooodiles, though some teeth are relatively large, and Hie smaller 
posterior teeth are a little oompressed transversely, bnt when the 
teeth are drawn from the jaw the alveoli show modifications which 
• Gaol 800 Quart Joura / vol 87 p S61 
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might be regarded u mammalian Thin character has been figured 
from the lower jaw, and in 1878 it was remarked* “ among Croco- 
diles, I recognise in the well-known wavy outline of the jaws a 
demarcation of teeth into regions which have a fair nght to be 
named incisors, canines, piemolars, and molars, and constitute a 
dentition as Thenodont in principle, bnt not so specialised, as is seen 
in the South Afucan fossil gioup In the Crocodile the regions 
are easily recoguisod by the form, size, and characters ot the tooth 
sockets when all the teeth are drawn, especially m the lower jaw 
The incisors occupy a flat or slightly ooncavo region below tho 
premaxillary bone Then at the head of the ciest is the large 
canine placed between the premaxillary and maxillaiy bones Next 
Bucoeeds a portion of jaw with concave outline occupied by small 
teeth, which sometimes become largei from before back waul , these 
are the premolars And, lastlj, there are teeth in another con- 
cave region whic h have the position of molars , these may, m the 
yonng animal, all bo contained in a groove, with sockets scarcely 
better indicated than among Ichthyosaurs or some Cetaceans In 
many Teleosaurs and Plosiosanrs the incisor teeth are nlatively 
large, and the succeeding molais are smaller, and in the Oinitho- 
saur Dxmorphodon the in< isor toeth are exceptionally large, as com- 
pared with the molars The teeth of South African reptiles termed 
Thenodontia diffor from such types chiefly in tho development of huge 
canines The incisors remain laigo, the canines are larger, and the 
molars relatively small as may be Been in such gtnera as ' ynodmeo 
and Lyeoeauru* In this group the incisoi s have both crown and root 
compressed fiom side to side The crown often has a piominent 
sharp ohisel-like external cusp, and a small internal cusp which givos 
the tooth a mammalian as pec t This charactci is well seen m the 
Russian genus Deuterotaurtu as figured by hichwald and by 
Mr Twelvetreea, the latter specimen being in the National Collection 
A similar oondition, bnt with the innei cusp less conspicuous, is seen 
in a new genus from South Africa allied to Deuterosaurus, here 
figured, whwh may be named Glandodon In this tooth, besides the 
elevated outer and inner cusps, there are on both sides elevated lateral 
borders to the crown, so that it includes a concave area, which in 
mode of formation of the concavity may be compared to the donoave 
crown of the molar tooth of Omithorhynehvi, though the proportions 
ot the tooth are dissimilar Yet if a tooth of this type is supposed to 
lose its root by degeneration, it might Bhow a close appionmation to 
the tooth of snob a mammal as Omxthurhyitchus The canine teeth 
in Thenodont*, like those of some of the lower mammalian orders, 
appsar to be plaoed in the maxillary bone, and not in the suture 
between that bone and the premaxillary, as in the higher mammals 
• “On Prowdophon,” ‘ Owl 8oe Quart Journ vol 14, 1878, pp 804-6 
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As Sir Richard Owen hu shown, these teeth in siae, form, and serra- 
tion are altogether like canines of carnivorous mammals. The molar 
teeth of Theriodonts are usually but little specialised, and are small 
and often simple cones Even in Galeeaunu the orownsof the molars 
are compressed from side to side, and they have a central cusp no 
more developed than in a lizard, with a smaller cusp on each side, 
much as in some seals and porpoises, and as among porpoises there is 
a long single root 


Fie. S. 



Molar and osnine teeth of Oaltumnu.— Brit. Mur, R 845 Tlio posterior teeth 
are fractured, showing that the pulp cavity u olosod at the base. 


An American genus, Empedicu, from Permian or Triass ic rocks, 
referred by Professor Cope to a distinct order, the Pelycosauria, shows 
an unusual specialisation of the molar teeth. They are compressed 
from front to back, so as «> have a great transvorse extension on the 
palate, which is absent from the promolars. There is a contraction 
below the crown which is quite mammalian, and the root is single 
The crown may be d ascribed as having three cusps. The median 

Fio. 4. 



Tr» inverse sad superior views of molar tooth of Smpediat.— Br.t Hus , R 618 

OSntral cusp is the most elevated, and is the only one whioh shows 
evidence of wear, bnt the external and internal limits of the crown 
•re both elevated above the level of the concave spaoea whioh divide 
them from the middle onsp. Hence tho tooth offers some evidence of 
three onape in parallel sense as a reptilian character, and so far helps 
"to approximate reptilian and mammalian types. This dents! con- 
dition in Bmpediat has its ohief interest in an approximation whioh 



198 Prof. H. G. Seeley. On the Nature and Limit * [Ape. 16, 

it makes to the Golden Gape Mole, Ghrytochloris a area. Ite teeth are 
rather more nomeroai in the premolar region, bnt otherwise the 
molars in the mammal similarly have one root ; they have the same 
transverse extension with three cusps, of which tho middle one is 
similarly well-devulopod, so that the chief differences are that in 
Ohrytoehlorii the crown is wide on the outer margin and narrows 
internally as a wedge, while the external oosp is subdivided into two. 
The lower jaw teeth of Empediat resemble those in the skull, but in 
Chrytorhlorii the mautlibular teeth are bicuspid, except that the first 
two molars have tho inner cusp divided longitudinally. In the 
accompanying figures these genera are contrasted ; and if GkUetaunu 
suggests a primitive mammalian type allied in dentition to seals, 
Empodia* as strikingly resembles an insectivorous mammal 


Tio. 6. 



Reptilian dentition. 



The Laoertilia include many types of dentition, among which are 
genera with characters suggestively mammalian both in the grouping 
of the teeth and forms of the crowns. 

In the Frilled Lizard, Ohlamydotawnu, there is one canine tooth at 
each anterior angle of the lower jaw, and these teeth are separated 
from each other by small incisors. In the skull there are on each 
tide in corresponding positions two canine teeth plaoed side by side 
laterally in succession to each other. 
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la moot luarde, u in mflny mammals, canine teeth are absent, 
and sometimes there u a more or less marked gap in the position* in 
■which they might occur 

The teeth which are in the position of molars may exhibit modifies 
turns in the forms of the crown whtoh correspond to prt molars and 
molars Thus in species of Tew* there aie five or six bicuspid teeth 
which have the cusps one internal to the other,* while in front of them 
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Talkie of Terns showing bicuspid molar* premolars with one cusp and incisors — 
After a photograph by Herbert Jackson t sq 
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A molar tooth of Truu seen from above much enlarged 


* 1 have on mors than one occasion inadvertently attributed this character to the 
ftwnis C um v io fhtnu as my speetmen was so labelled when it came into my posses 
Mon I an indebted to Hr Boalesger for the rectification, and whenever I have 
referred to the character it should be s ss o ci ated with the genus Tmt* 
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are about seven teeth -with single cusps which correspond to the outer 
cusps of the posterior part of the series. In this genus there is a longi- 
tudinal channel between the cusps of the molar teeth. Seen from the 
palatal aspect tho crown of a tooth is sub-quadrate, and the external 
cusp is the more elevated, so that the tooth has an aspect which is 
insectivorous rather than edentate. Both cusps are compressed so as 
to form sharp longitudinal cutting edges, At their bases they are 
connected on both the anterior and posterior borders of the tooth by 
low transverse concave ridges. In my specimen these transverse 
ridges are sufficiently marked in the sknll ; but are stronger in the 
lower jaw, where their surfaces are not quite smooth. If the anterior 
and posterior ridges were stronger, the crown of this tooth in qnadrate 
form, external and internal cusps and elevated border, would be suffi- 
ciently similar to the tooth of OmUhorhynehut to give some ground 
for regarding that tooth as reptilian in plan. And it has already been 
seen that in degeneration of the fsng, which induced Sir R. Owen to 
compare the teeth to those of the reptile genua Vlacodus, and in 
implantation in a groove in the jaws there is no departure from 
reptilian types If tho tooth of the Omithorhynchus as a whole 
cannot be exnctly paralleled in any other animal, it is at least evident 
that the teeth are as reptilian as the skeleton, and if the corre- 
spondence is not closer, the reason may bo found in the degeneration 
which has replaced the enamel of the tooth with horny matter. 

Modem Heards are not a group of animals in whioh theoretical 
considerations would suggest a search for mammalian characters in 
the teeth, but they happen to be the only group of Reptilia which is 
at all well known in which the teeth show a diversity whioh is in any 
degree comparable with the diversity of mammalian teeth. Whether 
those characters have boon inherited from remote ancestry, or spon- 
taneously developed in their possessors under varying conditions of 
existence, as seems prohable, is a matter of small moment, for in 
either case they throw illustrative light on the olassificational value of 
teeth of mammalia. If the different forms of cusp development found 
in lizards could be combined, teeth would result with crowns like the 
cuspidate crowns of many mammals. Thus, in Cnmidophonu there 
are two cusps arranged longitudinally ; in Ameira the tooth may 
have one large ounp with a small ousp by its side, or in the fore-part 
of the jaw there may be a small ousp on each side. If this kind of 
serration were combined with the transversely bicuspid teeth of Teiut 
or of Empediat crowns would result which would have mammalian 
patterns. In Amblyrhynehut crittaiut the external part of the crown 
is deeply cleft so as to be divided much as in some seals into a median 
denticle, flanked by a lateral dentiole on each side; but on the internal 
side the bane of the crown thickens, forming a large flattened oblique 
area, whioh is evidently an undivided internal cusp, like the internal 
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incisor cusp of Deuteroeawna, for it is equally developed in suooessional 
teeth whioh hare not oome into nee. Thus, Amblyrhynehut makes a 
partial combination of the characters of Ametta and Teiue, and shows 
what may he termed a sub-mammalian type. 


Fio a 

Anterior aspect. lateral aspect. 


0, fj fM 

Teeth of Amtfyri fitriut. Two molar teeth of Amtiea. 


The teeth of Iguana are serrate and acuminate, hut if they were 
supposed to lose the acuminate character by all the denticles growing 
to the same height from a depressed base, then the parallel vertical 
serrations would reproduce the inoisors of Galeopitheeus ; and that 
the incisors have originated in some such way is suggested by the 
premolars in that genus being aouminate and serrated. The grooved 
tooth of Plagiaii] a? and Ilypiipry mmu is equally suggestive of the 
origin of complicated molars from a simpler form such as may he 
found in reptiles. It is well to remember, as showing how difficult it 
is to recognise olass characters in tbo form of a tooth crown, that a 
naturalist so familiar with mammals as do Blainville was of opinion 
that the small mammalian jawH from Stonesfleld, known as Amphi- 
therium, were the jaws of reptiles before Sir B. Owen demonstrated 
that the molar teeth possessed two roots. But whether the molar 
teeth of mammals were evolved out of simple reptilian types of teeth 
such as have been discussed as consequences ot other ohanges in the 
skull, or are due to the influence of habitual food on inhoritod struc- 
ture, it is to be anticipated that the primitive mammals possessed 
teeth of reptilian type, less differentiated than the molar teeth of 
some existing lizards. 
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V. “ Researches on the Structure, Organisation, and Classifica- 
tion of the Fossil Reptilia. IV. On a Large Humerus from 
the East Brnk River, South Afrioa, indicating a New Order 
of Fossil Animals which was moro nearly intermediate 
between Reptiles and Mammals than the Groups hitherto 
known.” By H. G. Seeley, F.R.S. Received April 5, 1888. 

(Abstract ) 

The late Hr. A. G. Bain sent to the British Museum a bone, 
No. 36,250, which the antbor regards as a right humerus. It in 
32 cm. long. The crests at its proximal end are compared with 
those in the corresponding bone of Saurischia, Omithosaurs, and 
Anomodonts; and they show a strong general resemblance to the 
orests seen in Monotromcs, tkongh thoir direction may be more 
reptilian. The distal end of the bone is entirely mammalian in plan. 
Its rosomblancos are abont equally strong to Edentata and Monotre- 
mato, and there are evidences of more distant relationship with 
InsectiYora, with certain Marsupials, seals, and other Carnivora. On 
the whole the ovidence is insufficient to rufor the fossil to the 
Monotrcmata. It is named Propappu* omorratut. The antbor pro- 
pose* to associate with it Sterenrachin of Professor Gandry, in an 
order named Oennetotheria. While the humerus of Stereoraehu only 
differs from Monotremos in generic characters, and conforms in plan 
to the monotremo rather than the edentate type, the shonlder-girdle is 
intermediate between Echidna and the Anomodont Keirognathxu, and 
the dentition resembles that of reptiles like Lyeotaurvi and other 
Theriodouts. 


VI. “ Researches on the Structure, Organisation, and Classifica- 
tion of the Fossil Reptilia. V. On Associated Bones of a 
Small Anomodont Reptile ( Keirognathiu cordyhu, Seeley), 
showing the Relative Dimensions of the Anterior Parts of 
the Skeleton, and Structure of the Fore-limb and Shoulder- 
girdle.” By H. G. Seeley, F.R.S. Received April 5, 1888. 

(Abstract.) 

This specimen was oollectcd by Mr. Thomas Bain at Klip Fontein, 
Fraser’s Borg, and registered in the British Museum as 49,413. 

The head is described in detail, and except in the very small size 
of the teeth, shows no difference of importance from the skulls attri- 
buted to Dioynodon. 
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The shoulder girdle is doscnbed and restoied and found to consist 
of intercl&nole clavicles sternum coracoids prt toiacoids an l 
scapulao The soapnla is in plan like Kwtetephalug The nounst 
appionoh to the coracoid and pn coracoid is found among the mono 
trerae mammals The clanclo extended along tic antenoi margin 
of the scapula and made an angular bond so as probibly to meet tho 
interolaviolc The mterclaviclo appeals to meet tho latual margins 
of the ooraeoids and not to overlap thorn m fnnt It a] pioximah s 
in fonn to the bone m Oi nthurh jn / u 7 hth jo air a and ct rtain 
lirards bnt is relatively much higei anl is Uigu than the inter 
clavicle of ktereorachia lho sternum which is tiansvcisely oxtonded 
is bcttcl compand with that < f a li/ard ui Dinjsnur The shonl lei 
ginlle as a whole is intermediate between unnotume mammals and 
known roptiles bat with thofoiimr t) pc predominating 

Tho bones of the fore limb art de^cuhtd in deta 1 uid fonnd to be 
relatively ling and slender ami genetically unlike DitynoJoi Tho 
caipns is complicated Then ate oi ly two phnlangeal boncB in tai li 
digit, the second bone being a well developed claw 

1) inally a restoration is given of the aspect c f tho annual 


VII ‘ On the Modifications ot the h list mid Si coiul Vimcral 
Arches, with especial Ri teuiui to the IIomobguBot the 
Auditory Ossicles ’ By IIans Oauow Phi) , M A , Stuck 
lind Curator und Lccturci on Compaiativo Anatomy m 
the University of Camlmdge Communicated li> Piotissoi 
M Foster, Soc R S Received April 12, 1888 
(Abstioct ) 

The phylogenetic dcvclupmeut ot tho first vised vl inches shows us 
some most interesting changes of fnuclion which wi lan follow 
npwaids from tho lower Selachians to tho highest Mammals 

Originally entutly dovoted to respiration as gill beumg stiuctaros 
the whole hyoidean arch becomes soon a factor in the alimcntaiy sys 
tem Its protimal half forms tho hinge of the mastnatoiy appaiatus 
its distal half remains henceforth conneeti d with the pi ours of degln 
tition Then this suspensorial anangement is snpcisedcd by a now 
modification , the hyomandibula is set hoc aud would disappeai (it 
does nearly do so in Dipnoi and certain Uiodela) unless it were 
made use of foi a new function with i ts having enten d the service of 
the conduction of sound, it lias onteied upon a now departure and it 
is savod from degeneration Tho whole system of the one to four 
element* of the middle eai , whioh all have tho same function as con 
duotors of sound is to be looked upon as one organ of one common 
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On the First and Second \1sceral Arches, [Apr. 26, 

origin, namely, as a modification of the hyomandibnla, the primitive 
proximal parameife of the second visceral arch. 

Successive Modifications of the Mandibular and Hyoidean Visceral 
Arches 

I. Primitive condition (Notidsnid®). The palato-qnadrate bar 
alone carries the mandible The second oroh is indifferent Hyoman- 
dibala and quadrate (the palatino part is an ontgrowth) are both 
attached to the cranium 

II The hyomandibula gains a Cbro-carliloginous connexion with 
the mandible, the masticatory apparatus becomes amplustylic and 
occasionally hyostyhc (ftajid®, most .Selachians). 

The hyoid gains a cranial attachment (many Raj idee). 

III The quadrate- or autostylic snspensorium becomes preponde- 
rant, the hyomandibnla is, as in Toleosteans, divided into a proximal 
and into a distal (syinplectic) element The proximal part is received 
into a fenestra of the otic capsule, and is converted into a stapes, whilst 
the distal half cither remains ( Proteus , Siren, Menopuma) or is lost 
(other Urodela) The whole hyomandibnla would have been lost 
owing to its exudation from snspensonal functions, unless it had 
entered the auditory sorvice. 

IV. The autoetylio arrangement prevui Is Tho whole hyomandibnla 
remains, gains an attachment on the “ tympanum,” and differentiates 
itself into several conjointed pieces, notably stapes or columella 
proper, and extra-columella or malleus. 

The extra-columella gains connexion with tho parotic cartilage ; this 
connexion frequently remains, but in Anvra alone it contains a special 
element of probably parotic origin. 

The quadrate forms an important part of the tympanic frame. 

IVn Collateral departure of the Anura, The connexion between 
the tympanal part of the hyomandibnla with the mandiblo is lost. 

V. The quadrate still forms the principal suspensorial part of the 
mandible The extra-columella, or malleus, retains for a long time its 
previously acquired connexion with Mockel’s cartilage (Amniuta). 

Va. The top end of tho hyoid is attached to the cranium ( Geckos , 
Mammalia), and is occasionally fused with the extra- columella 
(Uatteria) 

\b Or, tho proximal portion of the hyoid is removed from the skull 
and remains otherwise well developed (most Litards) ; or its proximal 
portion becomes reduced and tost ( Ohelonia , Orocodilia, Ophidia, Aves). 

Vc. The extra-columella gains an attachment to the quadrate, 
squamosal, or pterygoid, whilst its connexion with the mandible 
( Ophidia, Ohamtkleon), and the tympanum, is lost. 

VI. The quadrate gradually loses its articulation with the man- 
dible; the latter gair.s a new onter articulation with the squamosal ; 
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the quadrate acta almost entirely ns a tympanic frame Incus and 
malleus fuse sometimes with each other and lean on to the parotic 
region The masticatory joint is donbly concave convex {Monotremata) 
VII The quadrate is converted into the principal part of the tym 
I anio frame vis annulus tympanicus I h mandible has lost its 
articulation with the quadrate and the masticatory joint is a single 
concave oonvex one the convixity lelonging ti the mandiblo ( Mono 
lelphta ) 
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May 3, 1888. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on tho table, and thanks ordered 
for them. 

In pursuance of the Statutes the names of the Candidates recom- 
mended for election into the Society were read from the Chair as 
follows . — 


Andrews, Thomas, F.R.S.E. 
Bottomley, James Thomson, M.A. 
Boys, Charles Vernon. 

Church, Arthur Herbert, M.A. 
Greenhill, Professor Alfred 
George, M.A. 

Jervois, Sir William Francis 
Drummond, Lieufc-Gen. R.E. 
Inpworth, Professor Charles, 
LL.D. 


Parker, Professor T. Jeffery. 
Poynting, Profcseor John Henry, 
M.A. 

Bamsay, Professor William, Ph D. 
Toale, Thomas Pridgin, F.R.C.S. 
Topley, William, F.G.S. 

Trimen, Henry, M.B. 

Ward, Professor Henry Marshall, 
M.A. 

White, William Henry, M.I.C.E. 


The Right Hon. John Hay Athol Macdonald, whose certificate 
had been suspended as required by the Statutes, was balloted for and 
elected a Fellow of the Society. 


The following Papers were read 


L “ On the Induction of Elootrio Currents in conducting Shells 
of small Thickness.” By S. H. Burburt, M.A., formerly 
Fellow of St. John’s College, Cambridge. Communioated 
by H. W. Watson, D.Sc., F.R.S. Received Maxoh 22, 
1888. 

(Abstract.) 

1—4. Definition of current sheets, current shells, superficial cur- 
rent, and current fhnetion. 

5. Expression for the vector potential of the currents in a sheet. 

6. Expression for the energy of a system of ourrent sheets in terms 
of the current function and magnetio potential, vis. 

m, xur. x 
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«- w****- 

when 0 is the onrrent function, Q the magnetic potential, and iO/dv 
the rate of its variation per unit of length of the normal. 

7. The magnetic induction dne to the sheet with current function 0 
is the name as that doe to a magnetic shell of strength 0 over the 
surthce at all points not within the substance of the shell. 

8. Given any magnetic) field external to a surface, S, there exists a 
determinate system of magnetic shells over S having at all points 
within the surface magnetic potential equal to that of the external 
field. 

9 and 10. Therefore also a system of currents over the surface 
having the corresponding property, called the magnetic lereen. 
Example of a sphere. 

11, 12, and 13. If the function y[r satisfy the oonditiona 
d+jdv = IF + mG + nH on S, 

V'0 = 0 within 8, 

then F = d'frjdx, Ac., if F, G, H he the components of vector 
potential dne to the external system and its magnetic toreen. 0 is 
called the oompanion function to F, G, H. 

14 — 17. Solution of the problem of induction in the absence of 
resistance by Lagrange’s equations, where the external system varies 
continuously, in the form — 

li% = °’ 

where 2T - JJ 0c (^-° + iS 0 

+ + 5 ?) 

where 0^, Op and S 0 relate to the external system, and 0, Q, and S to 
the induced ourrents on 8. 

18. This gives at all points within S 

<*(Fq 4- F) = d(0„ + » 
it % ’ ’ 


where 0& is the oompanion funotion to < ~, and and 0 


*°dt' 
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19. If therefore — dF/di, 4c., are to be regarded as components of an 
electromotive force, notwithstanding their derivation from a potential 
within S, they will produce on 8 a distribution of free electricity 
having potential — (f 0 -f ^), and forming a complete electric terse*. 

20. There is no energy of mutnal action between the electrostatic 
system, if it exists, and the eloctrio currents, because 



21 and 22. The effect of resistance generally. 

23. Definition of self-inductive onrrent shells, vis., those for which 
the values at any time, t, of the component currents, «, t>, to, 4c., are 
found from their values at a given epoch by multiplying by where 
X is constant. 

24. Investigation of the condition which 0, the current function, 
mnst satisfy in order that a current shell may be capable of being 
made self-inductive. 

25. If this condition be satisfied, the thickness of the shell which 
makes it self-indnctive is determinate, tho material being supposed 
uniform. 

26. And X varies inversely os the thickness. 

27. Gerferal property of self-inductive shells in pretence of a cor. 
responding magnetic field whose potential is O u expressed by the 


dQ _ 0 

dt 


o, 


at all points within the shell, or on the opposite side of it to tha 
inducing system. 

28. Examplo (1), when dQ/dt = constant. 

29. Example (2), when U„ = A cos XI and X constant. 

30. Some consequences deduced from tho last example. 

Examples of self-inductive shells, vis. : — 

31. Spherical shell. 

32. Solid of revolution about the axis of t, 0 being a function of t 
only. 

33. Any ratface if 0 be a function of t only and Y r & function of x 
and y only. 

34. Example, an ellipsoidal shell. 

35. Case of an infinite plane sheet as made self-inductive in certain 


83. Case of an infinite plane sheet when not self-induotive. Arago’s 
disk. 

87—40. Self-ipdnotive shells hounded by a surface, S, when S is a 
homogeneous function of x, y, and r. 


2 
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On the Dvurnal Barometric Mamma [May 8, 

A solid formed of inch shells and the aotion of outer shells upon 
inner ones or wee vend 

40 Case of a solid shell of small finite thickness 

41 Of statioal distribution of electricity on a oondnotor as pro 
dneed by variation of magnetio field 

42 Of non self inductive systems 


II On the Rclitnns of the Diurnal Barometric Maxima t> 
cpi tain critical ( onditions of ierapu&turo Cloud, and 
Rainfall By Hlnhy I Blanford, FRS Received 
Maich 30, 1888 

(Abstract ) 

The author refers to an observation of Lamont s that the diurnal 
barometric variation apjeais to be compouutodof two distinct ele 
ments viz a wave of dnunal per od which w veiy variable in dif 
ferent places and which appears to depei 1 on tl e horizontal and 
vertical movements of the atmospheie and changes in the dietnbu 
tion of its mass and a semi d ui ual clement which is remarkably 
constant and seems to depond moi e immediately on the aotion of the 
son Then referring to the theory of the sem diurnal variation 
originally put forwai 1 by Fspy and subsequently by Davies and 
Kreil the author point* out thut tho morning maximum of pressure 
approximately coincides with the instant when tho temperature is 
rising most rapidly This is almost exactly tree at Prague Yarkand 
both in winter and summer and in the winter months at Melbourne 
At the trop cal stations Bombay Calcutta and Batavia and at Mel 
bourne in the summer the barometric maximum follows the instant 
■of most rapid heating by a shorter or longer interval and the author 
lemarks that this may probably be attributed to the action of convec 
turn which must accelerate the time of most rapid heating near the 
ground suifaoe while the barometric effect if real must be deter 
mined by the condition of the atmosphere up to a great height With 
reference to Latnoi t s demonstration of the failure of Aspy s theory 
« condition is pointed out which alters the data of the problem, vis 
the resistance that must be offered to the passage of the pressure 
wave through the extremely cold and highly attenuated atmospheric 
strata whose existence is proved by the phenomena of luminous 
meteors 

With respect to the evening maximum of pressure it is pointed ont 
that very genet ally, and especially in India and also at Melbourne, 
-there is a strongly marked minimum m the diurnal variation of oloud 
between sunset and midnight, which, on an average, as at Alluhsfr sd 
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and Melbourne, coincides with the evening maximum of the barometer 
A similar coincident minimum, even more strongly marked, charac- 
terises the diurnal variation of the rainfall at Calcutta and Batavia 
in their respective rainy seasons In the authoi’s opinion these facte 
seem to point to a compression and dynamic heating of the cloud- 
forming strata, and he points to the existence of a small irregularity 
in the diurnal temperature curves of Prague Calcutta, and Batavia, 
which may possibly be due to such aotion It is further remarked 
that the evening maximum about coincides with the time when the 
evening fall of temperature, after a rapid reduction between 6 or 7 
and 10 p n , becomes nearly uniform in rate, and it is suggested that 
the former may possibly be determined by the check of the rate of 
collapse of the cooling atmosphere But it is observed that both the 
morning and evening wavos of pressure probably involve other ele- 
ments than the forced waves, and are in part rhythmic repetitions of 
previous wavos 


III “ Effect of Chlonne on the Electromotive Force of a Voltaic 
Couple.” By G Gore, F R 8 Received April 7, 1888. 

If the electromotive force of a small voltaic couple of unamal- 
gamated magnesium and platinum in distilled water, is balanced 
through the coil of a moderately sensitive galvanometer of about 
100 ohms resistance, by means of that of a small Darnell s cell plus 
that of a sufficient number of couples of iron and German silver of a 
suitable thermoelectric pile (see ‘.Proceedings of the Biinungham 
Philosophical Society,’ vol 4, p 130), the degreo of potential being 
noted., and sufficiently minute quantities of very dilute thlonno- 
water are then added in succession to the distilled water, the degroe 
of electromotive force of the couple is not affected until a certain 
definite proportion of ohloruie has been added, the potential then 
suddenly commences to increase, and oontmues to do so with each 
further addition within a certain limit Instead of making the ex- 
penment by adding chlonne water, it may be mode by gradually 
diluting a very weak aqueous solution of chlonne 

The minimum proportion of chlonne necessary to cause this sadden 
change of electromotive force is extremely small , in my oxpenments 
it has been 1 part in 17,000 million parts of water,* or less than a 
7000th part of that required to yield a barely perceptible opacity in 
ten times the bulk of a solution of sal ammoniac by means of nitrate 
of silver The quantity of liquid necessary for acting upon the couple 

• As 1 port of chlonne m 17 612 million parti of water had no naible effort, and 
1 in 17,000 anllwca had a dutinob effect, the influence of the difference, or of 1 part 
in 600,000 million!, hai been detected 
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is small, and it wonld be easy to detect the effect of the above pro 
portion or of leas than one ton thousand millionth of a grain of 
chlorine in one tonth of a cubic centimetre of distilled water by this 
process The same kind of action occurs with other electrolytes bnt 
requires larger proportions of lissolved substance 

As the degree of sensitiveness of the method appears extreme, I 
Add the following remarks — The original solution of washed chlorine 
in d stilled water was prepart d in a dark place by the usual method 
from hydrochloric acid and maugamo oxide and waB kopt in an 
opaque well stoppered hottle in the dark The strength of this liquid 
was found by means of volumetno analysis with a standard solution 
of argentic nitrate in the nsnal manner the accuracy of the silvei 
solution being proved by mtana of a known weight of pure chloride 
of sodium Iho chlorine liquid contained 2 3 milligrammes or 
0 03565 gram of clilonne per cubic centimetre and was ]ust about 
three f urtlis saturated 

One tenth of a cubic centimetre of this solution ( No 1 ) or 
0 003565 grain of chlorine was added to 9 9 o o of distilled water and 
mixed One cubic centimetre of this second liquid ( No 2 ) or 
0 0003565 gnfin of chlorine was added to 99 c o of water and mixed 
the resulting liquid ( No 3 ) contained 0 000003565 gram of ohknne 
per cubic centimetre lo make the solution ( No 4 ) for exciting 
the voltaic couple successive portions of one tenth or one twentieth 
oubio centimetre of No 3 liquid were added to 900 o c of distilled 
water and mixed 

I have ont ployed the foregoing method foi examining the states 
and degrees of combination of substances dissolved in electrolytes, 
and am also investigating its various relations 


IV “ Electio-chemical Effects ou Magnetising Iron Part II ’* 
By Thomas Andrews F R 8 E , F 0 S Communicated by 
Professor G G Stokes, P R S Received April 9, 1888 
The novel electro chemical effects observed between a magnetised 
and an unmagnetised bar when in circuit in certain solutions, recorded 
in the first part of this research, were of snoh an interesting character 
that I thought it desirable to extend the investigation The present 
memoir contains the results of a farther study of these magneto 
chemical phenomena, which were found to be more marked and 
eharaotenstuo when experimenting with some of the reagents herein 
described The method of experimentation was generally similar to 
that pursued and described in Part I though it was neoessary to 
* lor first part see vd 41 p 469 
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introduce numerous modification! of detail and sIbo aome entirely new 
modes of experimentation hereafter referred to. 7%. S shows the 
fortn of apparatus, coil of 750 wraps, Ac., nsed with the larger iron 
and steel bars. In this apparatus the ends of each pair of hare were 
deeply immersed in the solution contained in the vessel D, below the 
coil ; liability to possible temperature errors from any heating of the 
coil was thus obviated. The unmagnetised bar £ was made shorter 
than the bar A. in the coil, so as to avoid partial magnetisation from 
outside induction of the coil, which wonld have been more liable to 
occur had the bar stood in full length parallel with the ooil. This 
arrangement was found preferable when using large steel bare, as 
induced magnetism to any considerable extent of the bar B wonld 
have detracted from the full effect In some instances, however, this 
precaution was not adopted. The apparatus, coil, Ac., used with the 
smaller iron and steel bars is shown in fig. 4. A single-cell bichro- 
mate battery was employed in connexion with the ooil for magnetisa- 
tion during all the experiments recorded in this memoir. 



The bam were of specially prepared wrought iron and cast steel; 
the smaller bam were 8$ inches long, 0'261 inch diameter, and the 
larger bam were }-inob diameter, the longer one (A) was 10$ inches 
long, and the shorter one (B) 5$ inches long ; all the rods were finely 
polished. The general physical properties of the metals are given in 
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Table B. The cast-steel ban were employed in aome of (he experi- 
ments, because after magnetisation in the coil their subsequent in- 
fluence as permanent magnets of lower strength could be observed as 
referred to in course of this memoir. 


Table B. —Physical Properties of the Metals. 


Description. 

Contraction of 
area at fracture 
per cent. 

Sites lion 
per oent 

Breaking strain 
per square inch 
of original 

Small lion ban (Wortley 
boat scrap) 

S3 

8-6 

tons. 

46-82 

Small oast-ateol ban 

S3 

to 

66-42 

Large iron ban (W ortley beat 
scrap) 

28 

24 0 

24-46 

large cast-steel ban 

24 

20 0 

46-81 


The small iron and steel ban were drawn through a wortle, the 
large iron and steel ban were rolled rods. 

The chemical reagents employed as electrolytes consisted of solu- 
tons of bromine, ferric ohloride, and chlorine- water, ferrous sulphate, 
ferric chloride, euprio chloride, cupric sulphate, cupric nitrate, cupric 
aoetate, euprio bromide, nickel chloride, hydrochloric acid, nitric acid, 
and potassium chlorate. 

In the experiments with the smaller rods a pair of bars in eaoh 
experiment were immersed in the solution in the (J-tube, in circuit 
also with a delicate galvanometer, and after a suitable time had 
elapsed in every esse for normal galvanic equilibrium to obtain, the 
bar A in the coil was magnetised, and the magneto-chemical effect 
recorded. It was found to vary with the nature of the metal and 
solution employed, and also with the extent of the magnetic saturation 
of the metals. The strength of the magnetism was practically the 
same in many of the experiments, and it was generally observed that 
difference in the strength of the solutions affected the results. In 
other experiments with a uniform strength of solution, but in which 
the magnetism of the metals was varied or reduced, the magneto- 
chemical effect became proportionately altered. The possibility of 
error from temperature causes arising from any slight internal heat- 
ing of the coil has been referred to and dealt with in Pari I (‘ Boy. 
Soc. Proo.,’ vol. 42, pp. 462-8). The apparatus, fig. 3, used in some 
of the present experiments was also conducive to aoonrooy in this 
respect. Moreover, the early and extensive development of the 
magneto-chemical effect, noticed in most oases, especially in the 
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experiment* with bromine, HNO,, and the copper salts, affords 
sufficient indication that the liability to error from temperature 
causes was slight. To demonstrate that the magneto-chemical effect 
was not in these observations due to variation of temperature conse- 
quent on possible heating of the coil, a further set of experiments 
(Table C, Cols. 10 and 11, Divisions II) was made with solutions of 
ferrons sulphate and also of ferrio chloride in another form of 
apparatus, wherein the unmagnetised bar B was surrounded by a 
slightly higher temperature (about 5° to 10° F.) dunDg the observa- 
tions than the magnetised bar A. This was accomplished by surround- 
ing the limb of tho (J -tube containing the bar B, during the observa- 
tion, with a specially constructed water-bath containing water at a 
temperature of about 5° to 10° F. above the temperature of the 
solution in the coil tube A, the difference of temperature was ascer- 
tained by small thermometers respectively placed in limbs A and B of 
the U-tubo, another thermometer being in the water-bath. The 
magnetisod bar was, however, able to maintain its positive position, 
notwithstanding the higher temperature around the nnmagnetised 
one. The present memoir contains the results of many repeated 
experiments, each record in the tables being the average of a 
considerable number of observations. In Parte I and II a total of 
about 592 iron and steel bars have been experimented upon, 346 bars 
being required for the experiments of Part II. 

Explanation of Remits on Table 0. 

Hydrochloric Acid, cone., tp. gr. 1TC, Ool. 1. — No perceptible 
electro-chemical effect was obtainable with this reagent 

Bromine and Potassium Bromide, Ool. 2, Divisions I, II, and III . — 
It was found that pure bromine for various reasons was too pou erful a 
reagent to use in these experiments ; a strong solution was therefore 
prepared of the following composition. Bromine, 1066'4 grains, pots* 
sium bromide, 520 grains, and 3$ oss of water. This solution was 
very energetic in its action on the metals, and considerable care was 
required in conducting the experiments therewith ; but with due pre- 
cautions admirable results were obtained. The magneto-chemical 
effect was very great with this reagent, the E.M.F. between tho mag- 
netised and unmagnetised bars sometimes reaching as high as 
one-twentieth of a volt The highest E.M.F. appeared to be manifested 
at or near the time of tho energetic effervescing attack on the metal; 
though the E.M.F. between the bars was always considerable from 
the earliest commencement of the magnetisation of bar A in the ooil. 
Experiments were made on both wrought-iron and steel bars. Tbe 
experiments, Col. 8, Divisions I and II, were made with a much 
weaker bromine solution, though of similar general composition. 



Mr. T. Andrews. 


[May 8, 


Table C. 

(An explanation of tho detail* of this table will be found at the end.) 
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Table 0 — continued. 
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Table 0— continued. 
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Table C—oonttwued 



la the experiment! with the iteel hue m oupno seriate Col IS Dmaon II, m a gne tastio n of 
the bar A ceased at 45 minuter, the iubeequent reeulti being due to the reeidual magnetism 
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Tab la O—mUmtd. 



I.M.F. in volt, and electro-chemical poeition of megnetieed bar oom pared 
with the unmegnetieed bar, the poeitive or negative poeition of the 
former being reapeotlvely indicated by the rigni + and 

Time from 


Column lfl. 


Oolumn 17. 







of 

megnetiietion. 

Cupno bromide. 

Nickel ehloride 


Iron ban. 

Steel ban. 

Iron ban 

Steel ban. 

Iron ban. 

Steel ban. 


I. 

IL 

III. 

IV. 

I. 

11. 

leoondi. 

0 

16 

80 

46 

minutee 

1 

8 

8 

4 

6 

6 

7 

9 

10 

15* 

171 

*0 

86 

80 

86 

40 

boon. 46 

1 0 

8 0 

8 0 

6 0 

7 0 

80 0 

84 0 

88 0 

0-000 
+ 0018 
+ 0-010 
+ 0 028 

+0 026 
+ 0-089 
+0-081 
+ 0-088 
+0 084 
+0-088 
+0 086 
+ 0 024 
+0-084 
+0-084 
+0-080 
+0-041 
+ 0 041 
+0-084 
+0 014 
+0-019 
+0-081 
+0-049 
+0-088 

0-000 

+0-007 

+0-011 

+0-018 

+0-014 
+0-018 
+ 0 084 
+ 0 088 
+ 0-081 
+0-081 
+0-086 
+0-087 
+0-040 
+ 0-086 
+ 0-089 
+ 0-085 
+ 0-039 
+ 0-089 
+ 0 084 

+ 0 ob 
+ 0-081 
+ 0-087 
+0-006 

ooooooo ooooooooooo + ++ 

iililil iiiiiliiiili 1111 

o-ooo 

+ 0-009 
+0-011 
+0-018 

+ 0-016 
+ 0-027 
+ 0-080 
+ 0-084 
+0 088 
+0-040 
+0D48 
+0-044 
+0 048 
+0-060* 
+0-061 
+ 0-066 
+ 0-069 
+ 0-068 
+ 0-068 
+0-078 
+ 0-076 
+0 077 
+0-077 
+0-077 
+0 064 
+0-068 
+0-048 
+0 046 
+0-010 
+0-008 
o-ooo 

I IIII I I 

0-000 

0-000 

+o-ooit 

+0-001 

+0-001 

+ 0-001 
+0 001 
+0 001 
+0-001 

+ 0-001 
+ 0-001 
+ 0-008 
+0-008 
+0-008 
+ 0-006 
+ 0-006 


* Column 16, Diviiitm IV, «teel bin in cupris bromide, magnetieation hero oeaeed, the after 
effect me doe to reeidnal magnetiem of the eteeL 
t Column IT, DMiion XI, iteel ban in nickel chloride, megnetiiatlen hero oeaeed, the after 
cfeot vie due to roeidual magnetiem of the iteel. 
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Feme OMortde and Chlorine Water Col 4, Dxwnont I and II— 
This solution oonsisted of 250 fluid grams of a oonoeatrated solution 
of Fe,Clj and 750 fluid grains of saturated chlorine water In these 
experiments the electro negative position assumed by the magnetised 
bar formed an exception to the general mle which I think may 
probably to some extent be explained on the supposition of the dia 
magnetic properties of the dissolved chlorine the magnetised bar 
being somewhat less attached by the free ohlormo than the unmag 
netised rod When the chlorine had exhausted its action on the 
metal the eloctro chemical reaction became gradually reversed and 
the magnet sed bar then assumed the electro positive position (see 
Col 4 Division II) as in the case of normal feme chlon ie solution 
only To show that the above negative effect was due only to mag 
netio influence various experiments with FogCl, and cblonne water 
were made m which it was found that on ceasing to magnetise the 
bai A for a few moments the BMF decreased and the magnetise 1 
bar A assumed a less negative position but on again connecting the 
battery to tbe coil the magnetised bar therein assumed a more 
electro negative position 

Nitno Aoxd rp gr 1 42 and Potassium Chlorate Cols 5 7 8 and 
9 — These experiments made with apparatus fig 4 with solutions 
containing varied proportions of HNO, and K^CIO, are conflimatory 
of the results obtained in Part I, and also indicate that these magneto 
chemical effects are greater in stronger solutions On oea sing to 
magnetise the bar A m course of any of these experiments the 
needle of the galvanometer fell to zero and on re magnetising the bai 
A its electro positive position was re asserted 

Ferrous Sulphate Col 10, Divisions I II III and IV a saturated 
solution of the salt 

Division I — This set of experiments was conducted on the largo 
polished wrought iron bars f inch diameter with apparatus fig 3 
the magnetisation of bai A being continuous to the end of each 
observation 

Division II — These expeiiments were made with small iron bars in 
apparatus fig 4 the solution containing the nnm&gnetised bar being 
maintained at a temperature of about 5° to 10* F above the tempera 
tore of the solution in which the magnetise 1 bar was immersed 

Division III — In these observations large steel bais } inch diameter 
were employed in the arrangement of apparatus delineated in fig 8 
The bar A in the coil was magnetised for a few minutes only at the 
commencement, and, as the metal was steel, it retamed a permanent 
residual magnetism which was allowed to oomplete tbe res nit The 
magneto-chemical effect was not so great in these instances owing to 
the magnetism of the bar being less than when the act on of the 
powerful ooil was prolonged thereon, as in the other experiments 
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This class of observations indicated that the results were inflnenoed 
by the extent to which the metal was magnetised ; the latter fact was 
more distinctly shown in oourse of experiments with bromine and the 
salts of copper. 

Divieion IV . — These experiments were made on the small steel ben 
with apparatus, fig. 4; tho general results were similar to those 
obtained with the larger barn, though somewhat loss in extent. The 
bar A in the ooil was magnetised for a short time only at the com- 
mencement, and the induced permanent magnetism allowed to com- 
plete the result. 

Ferric Chloride, Coil. 11, Divieione I, II and III, was a saturated solu- 
tion of the salt in water. The experiments in Division 1 were made 
in apparatus, fig. 4, equality of temperature obtaining between the 
two limbs of the (J-^b 0 - The observations of Division II were made 
in the water-bath apparatus previously alluded to, with a difference 
of temperature of about 5* to 10” F. in favour of the unmngnetisod 
bar; the magnetic influence was, however, sufficient to overcome this 
temperature obstacle, and even under such conditions the magnetised 
bar maintained its electro-chemical position, though not to the full 
extent. On ceasing to magnetise a bar in the above reageut, the 
E.M.P. steadily diminished, and on again applying magnetisation 
the magnetised bar resumed its positivity. The observations in 
Division III were made on pairs of the small steel bars under equal 
temperature conditions. At the end of forty houw there was a per- 
ceptibly greater deposit of flocoulont oxide of iron in the tube con- 
taining the magnetised bar. 

Cupric Chloride, Col. 12, Divieione I and II, consisted of a concen- 
trated solution of the salt in water, such as is usually employed in 
dissolving out the metallic iron in the carbon determination of iron 
analyses. The magneto-chemical effect with this reagent was of con- 
siderable magnitude, a powerful effect commencing from first magnet, 
isation of the bar A, and largely though steadily increasing. On ceasing 
to magnetise the bar A the galvanometer deflections wore reduced ; 
but on again bringing the magnetising coil into aotion, the magnetised 
bar A steadily re-asserted its strong positive position in course of a 
few moments. These magnetio effects were not of such a nature as 
to produce & very violent fling of the galvanometer, but manifested a 
steady and permanent character, though in most instanoes deflections 
commenced at once on magnetising the bar A, and afterwards con- 
tinued steadily to increase till the maximum point was reached. On 
the completion of an experiment, both bars were of dourse covered 
with electro-deposited metallio copper; but in many instances the 
oolonr of the solution in the limb of the (J -tnbe which had contained 
the magnetised bar, was of a rather lighter tint, showing that a some- 
what greater deposition of copper bad occurred therein. The experi- 
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ments in Division I were with pairs of the small wrought* iron bars 
and the observations m Division II were tnado on pairs of the small 
steel bars It will be noticed that the EMF was greater in the case 
of the wrought- iron than with the steel bars 

Ouprxc Sulphate, Col 13, Dwuion* I and II, a concentrated solution 
of the salt in water The remarks made on tho magneto chemioal 
effects with cnpno chloride apply generally to the leactiona obtained 
with cnpno sulphate, it will be noticed, however, that the effect was 
more extensive when employing the latter salt 

Cnpno Nitrate, Col 14, was composed of a saturated solution of the 
salt in water The magneto-chemical effect was observed with this 
reagent, thongh it -was more limited in extent than when using either 
CuCl, CuBr, or CnSO* 

Chtpnc Ac tate, Col 15, Dimnone I and II — This was a concentrated 
solution of tho salt in which the effect was small , but it was dis- 
tinctly noticeable 

Oupnc Bromide, Col 16, consisted of a saturated solution of the 
salt m water Highly interesting and very marked Jesuits were 
noticed in the experiments with this reagent The observations in 
Divisions 1 and II were mado with small rods of wrought iron and 
steel in apparatus, hg 4, the results recorded m Divisions III and 
IV being obtained with large iron and steel bars j inoh diameter, and 
Wong apparatus, fig 3 A weaker solution of cnpno bromide was 
employed for the non bar experiments m Division III, and tho bais 
were not immersed so deeply m the solution The oltctro positue 
position of tho coil lm A was dependent on the extent of its magnet, 
isation, in these as m the other experiments, and the effects with 
cnpno bromide were generally similar to those obtained with cupnc 
chlonde 

Nickel Chlonde, Col 17, Divtnone I and II, was a concentrated 
solution of the salt in water 

Sulphate of Iron — A pair of steel bars were left in a yellow 
oxidised solution of sulphate of lion in appaiatus, fig 4, for twenty* 
fonr hours, the bar A having been magnetised for a short time at 
commencement only, the residual magnetism being allowed to com 
plete the effeot, an EMF of 0011 volt was giadoally reached, the 
magnet bar being in tho positive position 

The Electro chemical Effeot at between the Magnetic Polar Terminal* 
and Equator 

In casting about for an explanation of these magneto-ohemioal 
phenomena, it seemed probable that the effect might possibly be con- 
nected with the local currents whioh are shown below to develop in a 
magnetised bar between the more highly and less magnetised parts 
thereof, when tho rod was immersed in suitable solutions acting 

VOJuXUV. h 
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chemically upon it. I therefore made the following experiment* 
which demonstrate the interesting fact, that when a magnetised bar is 
thus immersed a local galvanic current is set up between the polar 
terminals and central equator or less magnetised portion of the bar, 
the more roagnetically-nentral sonee acting electro-negatively in 
relation to the poles. Under these induced conditions it beoomos 
obvious that a magnetised bar, forming one element of a galvanic 
couple, would bo more acted upon than an unmagnetised one, forming 
the other element in the same solution. Hence, one explanation is 
afforded of the electro-chemical positive position generally manifested 
by tbe magnetised bar in course of the research. The exporimontal 
demonstration of theee local currents in a magnetised rod was con- 
ducted as follows : — 

A pair of polished soft-iron bars, inches long, 0261 inch 
diameter, cut adjacently from a larger rod, were each oovered with 
black india-rnbber tubing, a small portion, one quarter of an inch at 
each end of one bar (the flat disk at the end being ooatod with blaok 
varnish) and half an inch in the centre of the other rod, being the 
only portions exposed, and an oquality of snrfaoe exposure being thus 
obtained The two rods were placed in the tube containing the 
solution, and were connected m circuit with the galvanometer. The 
tube containing them was placed in the ooil, and on magnetising the 
rods by means thereof, the rod whose polar terminals were exposed to 
the action of the solution became oleotro-positive to the other bar. 
Similar results were obtained when either a north pole or a south 
pole was oxposed singly as one element in connexion with a oentral 
equator as the other. Many repeated experiments were made with, 
apparatus shown on fig. 5, and about forty-six india-rnbber-corercd 
bars were used in this part of the investigation. The results arc 
given in Table D (p. 166). 

Nitrio Acid and Potauium Bichromate, Col. 3. — On ceasing to 
magnetise the bar A in coarse of any experiment the galvanometer 
deflections almost immediately foil to sero, and on again magnetising 
the bar A deflections went np, tbe polar terminals resuming their 
positive position. In this experiment the central equator had an 
exposed surface of £ inch and each polar terminal £ inch; another 
experiment was made in which the exposod part of tho central 
equator was only | inoh and each polar terminal $ inch ; the results 
were tho same though of less extent. Similar results were obtained 
on oeasing at any time to magnetise the bars in the cnpric chloride 
solutions, Cols. 1 and 2, though less extensive. 

Nitrio Acid and Potaeeium Bichromate, Col. 4. — On ceasing to 
magnetise at end of any experiment, the dofleotions of the galvano- 
meter fell some degrees; but on re-magnetising, deflections row 
again, S. pole being positive. 
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Cupric Chloride, Colt. 5 anl 6. — On ceasing to magnetise, galvano- 
meter deflections fell some degrees, but rose again on re-magnetising. 

Daring an investigation of tho possiblo electro-chemical effoot 
between the polished end disks or polar terminals only, of straight 
round steel magnets, there were indications, under certain conditions 
and when the magnets wore immersed as elomeuts in some electro- 
lytes, of a tendency on the port of the N. terminal plane of the 
magnet to becomo from some cause electro-positive to the S. terminal 
plane, when the magnets were placed parallel some distanoe apart in 
an upright position. The lower end of each magnet exposed in the 
solntion was covered with black india-rubber tubing, so that the flat 
polished disks at the terminals only were exposed to tho action of the 
electrolyte. This apparent tendency seemed somewhat singular, and 
farther experimentation is required before arriving at definite con- 
clusions; it seemed desirablo however to allude to this* apparent 
indication. 

I hope to make other observations in this direotion, and in course 
of these to utilise some valuable experimental suggestions which 
Professor Stokes has kindly made. 

* a 
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The Eltetro-chemtval Effect tit Relation to the Passive State of Iron 

Soon after commencing Part 1 of this research I conceived that 
the passive state of iron in strong nitric acid wonld either to some 
extent he affected, or perhaps overcome by magnetic influences of a 
similar nature to those in the experiments on which I am engaged 
Preliminary experiments wero made and interesting results obtained 
in connexion with the influence of magnetisation on the action of 
strong nitno acid on iron and steel I have obtained under certain 
conditions, currents flowing from a magnetised bar to an onmagnetised 
one in strong nitric acid (sp gr 142) The currents representing 
an E M P varying, according to circumstances, from about 0 011 volt 
and upwards Alter considerable experimentation I feel oonvmoed 
that indnoed local currents of the nature of those shown above in 
Table D were instrumental m causing the msgnetisod bars to be more 
acted upon than the unmagnetised ones in the strong mtrio acid 
(sp gi 1 42), and such currents are essential in reducing the 
passivity of mm m nitric acid 

I hope to have further communications to make with respect to 
this interesting part of my research 

In Parts I and II of this research, the results of a quantitative 
study of these magneto chemical phenomena have been reoorded, the 
effect in connexion with a considerable variety of typical reagents 
having been carefully observed With some reagents the effect was 
found to be comparatively small, in other inatanoes it was very con- 
siderable, as in tho case of bromine, many of the salts of copper, 
nitno acid, and similar strong corrosive solutions The result was 
dependent both on the strength of the solution and on the extent of 
the magnetisation of the metal In most cases with powerfully 
oxidising reagents the effect was of an electro-positive nature, bnt 
in a few other instances (Bach as HjSO^, HOI dil Fe,CI, with 
chlorine) the reaction partook of a negative character in relation to 
the electro chemical position of the magnetised bar It is not easy to 
aooount for these mnataons m the nature of the efieot , I think, how- 
ever, it may be surmised that m these exceptional instances the 
results were possibly to some extent influenced by the diamagnetic 
properties of some of the solutions, or of the gases evolved therein 
In some of the compound solutions, such as F e,Clj and chlorine water, 
a species of magnetic selection apparently occurred In the experi- 
ments with Fe,01j solution without chlorine, the magnetised bar was 
electro positive , bnt when using this leagent combined with ohlonne 
water (see Table 0, Col 4, Divisions I and II), the magnetised bar 
became electro-negative, possibly owing to the diamagnetio property 
of tho free ohlonne influencing its action ou the magnetised bar 
When, however, the free chlorine had exhausted its direct action on 
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the metal, them remained only a eolation of Fe,Cl S) in which tho mag- 
notised bar A gradually assumed its normal electro-positive position ; 
this reaction is exemplified by the results in Table C, Col. 4, Divi- 
sion II. The comparative non-activity of HC1 on magnetised bars is 
veTy singular, and at present unaccountable. In oonolusion, I may 
state that this research has shown that a current flows from a mag- 
netised bar towards an unmagnetised one, when the two are immersed 
in suitable solutions, and that the result was dependent both on the 
nature and strength of the solution, and also on the extent of the 
magnetisation of the motal. It has also been demonstrated that when 
a magnetised rod constitutes one element in a suitable eloctrolyte 
acting upon it, local currents flow from the more highly magnetised 
polar terminals towards the less magnetised or neutral equatorial 
portions. These conditions would cause the magnetised rod to be 
more generally acted upon by the electrolyte, the composition of the 
solution surrounding it being thereby also affected, and to a con- 
siderable extent this might account for its oleotro-positive position 
compared with tho unmagnetisod rod, otherwise nnder the same 
conditions. Observations have also been made on the influence of 
magnetisation in relation to the passive state of iron in nitric acid, 
with interesting results. In the present state of, the inquiry it is 
preferable to confine oneself to a simple record of foots ; I think, how- 
ever, it has been clearly demonstrated in course of the numerous and 
varied experiment* of this research, that tho magnetisation of iron 
and steel influences the action of reagents upon the metal. 


V. “ Report on the Capacities, in respect of Light and Photo- 
graphic Action, of two Silver on Glass Mirrors of different 
Focal Lengths.’’ By the Rev. C. Pritchahd, D.D m F.R.S, 
Savilian Professor of Astronomy, Oxford. Received April 
18, 1888. 

In May of last year, I waa requested by a Committee on stellar 
photography, appointed by the Council of the Royal Society, to 
examine the comparative photographic capacities of two silver on 
glass mirrors, each having an aperture of 15 inches, but of different 
focal lengths, via., 80 inohes and 120 inches respectively. In the 
present report these will be designated by the symbols t§-inoh and 
i^b-inch. The mirrors in question were provided by tbe generosity of 
Dr. Warren de la Rue. Various unforeseen difficulties incidental to 
pioneering in a science still in its infancy have intervened, unavoid- 
ably impeding the progress of the enquiry. The chief among these 
have been : — 1, The comparatively imperfect automatic meohanism 
of the driving apparatus attached to the teleacope oarrying the 
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mirrors 2 The difficulty of adjusting the camera or plate holder 
perpendicularly to the axis of the minor on a temporary mounting 
and distant from the workshop of the optician 3 An abnormal akj 
which has continually perplexed astronomers during many months 
It must xot be overlooked that even the considerable precision 
neoessary or desirable in the clock motion of a telescope nsod for 
micrometrical measures is comparatively useless for astronomical 
photography for in this latter case the momentary swerving of the 
telescope through even a second or two of arc may le fetal to the 
circulai form of the star images impressed oi the plite and more 
over it is necessary to maintain this accuracy of steady motion not 
merely for a very few minutes at a time but oocas onally for half ai 
hom or a full hour or even more It is true that test it may be had 
and m fact must always be had to the old method of supplementing 
the driving machine by the occasional assistance of eye and hand 
but unless that machinery is approximately perfect the stran upon 
the observers attention becomps practically insupportable This 
perfect steadiness of motion is also necessary from another point of 
view because m its absence it will not be easy to distinguish 
between the effects of unsteady motion and any optical defect of the 
mirror Happily these difficulties have been at length oveicome and 
in the month of January last by the aid of an improved screw worked 
on a new engine by Sir H Grubb and a subsidiary eleotiical control 
connecting the driving apparatus with a seconds pendulum I had 
the pleasant satisfaction of hearing from Mi Jenkins the assistant 
chiefly engaged in the present operation that he now felt no severe 
strain or stress of attention in watching and occasionally aiding the 
motion during the space of an hour or more on the rare occasions 
when the variability of the sky permittel such long exposures 
I am not here speaking of my own expeiienee alone but I have 
reason to know that the same troubles have been shared to a greater 
or less extent by all the few eminent observers who aro in this 
country employed in a similar pursuit A modification of the 
ingenious contrivance by which the desired effects have been pro 
duoed has been recently exhibited by Sir H Grubb at the Royal 
Astronomical Society and at the Society of Arts in London 
The mirrors referred to above, were mounted m succession on the 
tube of the laige equatorial in the Oxford University Observatory 
and they proved to be of that excellent optical quality which might 
be expected m Mr With s best performance 
The points to whioh I chiefly directed my attention in the examin*. 
taon of these mirrors were as follows — 

I The general character of the stellar images impressed by the 
two mirrors, absolute and comparative 
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II. The relative amount* of light reflected by each. 

III. Their relative capacities in respect of distortion in the figure 

of the stellar images, and the optical distortion of the field. 

IV. Their photographic capacity in respect of the faintest stare 

impressed on plates, with exposures of given duration. 


I. The General Character of the Stellar Images impressed. 

It was originally proposed to employ the same sized plate, vis., 
4 inches square, for both mirrors, and thus in the |£-inch mirror have 
the opportunity of examining a field of about nine square degrees , 
but it was found impossible, inasmuch as the images, even towards 
the oentre of the plate, were found to be impressed with a white centre. 
To a certain extent, these malformations were predicted in a paper by 
General Tennant in tho ‘ Monthly Notices of the Royal Astronomical 
Society.' 

This phenomenon necessitated the abandonment of so large a plate 
with its circular carrier of seven and a half inches diameter, for a 
smaller plate and smaller earner having an angular field of 1° £6' or 
nearly four square degrees. With this plate the images became 
round in the centre, and continued so to a distance of about 40' 
from the oentre. Then they became decidedly elliptical, having their 
extremities remote from the centre fainter than the opposite extremi- 
ties. At the edge of the plate, the figure of the star on the side 
remote from the oentre appeared to be not olosod at all, bnt presented 
the appearance of a fan. I have, however, not observed the focal 
lines at right angles to each other, aa seen and described by the 
Astronomer Royal. In the T^-inch mirror and 4-inch plate, which 
presents also a field of nearly four square degrees, the phenomena 
here described are generally very much less pronounoed, and oommence 
st a greater distance from the centre. 

Tho conclusions which I feel disposed to draw from the foregoing 
remarks, are the general unsuitability of mirrors of short focal 
length, and the impossibility of obtaining & large angular field in 
suoh mirrors, of a character serviceable for charting the heavens by 
means of photography. How far this difficulty may be obviated in 
refractors suitably corrected, and of comparatively short focal length, 
it is boyond my experience to indicate. Before instituting this 
trial, 1 had some hope, that with so simple an optical appliance 
as a mirror, a much larger available field might have been practically 
sooured than has proved to be the case. I apprehend, however, that 
in point of light, that is, having regard alone to the faintness of the 
stars which, catsris paribus, can be photographed, the advantage ia 
practically on the side of the reflector. 

Another point of some importance in the character of the images 
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impressed by these mirrors is the tendency of those formed from 
bright stars, to spread themselves over a larger portion of the film in 
the short foons mirror, and consequently to increase the difficulty of 
bisection In the smaller stars, this peculiarity is not so apparent 
I am here, contrary to my wont, unable to appeal to numerical data, 
so essentially necessary iu discussions of this description and where 
mere estimates and impressions arc apt to mislead the judgment 
The impossibility of proem ing photographs of the Bame star from the 
two mirrors under exactly Bimilar oucnmstances and therefore of 
eliminating the relative amount of sensitiveness of the plates em- 
ployed, the character of the night, and many other circumstances 
which oocnr in stellar photography, render the test of numbers im- 
practicable I state here the experience gained from the examination 
of many photographs and in immediate connexion with this point 
of experience, I may mention that the conclusion has boen forced 
upon me, that the images formed from a da la Hue metalho mirror 
are harder and less extended than those formed from equal exposures 
on a silver on glass mirror If I were to hazard an opinion expressed 
not without reserve, I should say that the difference between the 
action of a metallic mirror and a silver on glass minor, may not 
unfitly he compared to the difference between the action ot a metalho 
mirror, and the action of such photographic object glasses as havo 
oomo under my own observation 


II The Relative Luminosity of the Images of Stars, formed bj the Two 
Mirrors 

The mirrors were ongmally silvered by Mr Browning about 
March 19th, 1887 They were m constant use nntil Jannaty 26th, 
1888, and on that date the ^ inch mirror was examined as to its 
light reflecting capacity The secondary plane reflector was silver 
on glass The method of determination was the compel ison of the 
places of extinction in the wedge photometer of three stars viened 
respectively in the ^,'j inch mirror, in tbo 12$ inch Grnbb lefraotor, 
and in the 4 inoh finder attached to the latter Each star waa 
extinguished five times in each observation The method of compu- 
tation adopted in the light comparison was that explained m the 
1 Memoirs of the Boyal Astronomical Sooiety,' vol 47 
The results are as follows — 


I 

II 


Light reflected by inch mirror 
Light transmitted by 12$ inch refractor 


Light reflected by tVs mch minor 
Light transmitted by 4 inch refiactor 


*118 

915 


This mirror was .subsequently re silvered at the Observatory by 
Mr Jenkins, the film deposited being excellent, February 6th, 1868, 
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and the light was re determined by the une method and the tame 
stars on March 3rd, 1888 the weather admitting of no earlier trial 
Bee alt — 

Light reflected by ^ inch mirror _ i »0 
Light transmitted by 12$ inch retractor — 

Light reflected by inch mirror ^ 

Light ti ana nutted by 4 inch l eft actor 


Tin ,» u 7 Mi ro 

Determination by the process cxplainod above on January 3rd, 
1888 of the light reflected by the inch mirror Result — 
y Light reflec ted by the inch mi rror *= 1 23 
Light transmitted by the 12$ inch refractor 
yj Light reflected by the $* inoh mirror _ jq 
L ight transmitted by the 4-inch refractor 
lhis mirror was re silvered at the Observatory by Mr Jenkins on 
January 9th 1888 and le examined on January 17th, 1888 With 
the results — 


yjj Light reflocto d by inch nurroi = i 83 
Light transmitted by 12$ inch refractor 
yjjj Light re flect ed by ; { inch muror _ jo 70 
Light transmitted by 4 inch refractor 
On combining the above results it appeals that by means of the 
comparisons with the 12$ inch refractor — 
jy _ L ight of inch mirro r re silvere 1 = ^ — 1 08 

Light of $$ inch mirror after 9 months use 03 ~ 
and from companion made with the 4 inch ref i actor — 

Light of inoh re silvered _ 10 7 _ 2 07 

Light of inch mirror after 9 months use “ 10 — 

In like manner, from similar processes with respect to the i^pinch 
mirror, it appears that when the comparisons were made by the aid 
of the 12$ inch refractor— 

XI Light of ^ inch mirror re silvered = 120 _ 2 oi 
Light of inoh mirror after 9 months use 118 ’ 

and when compared by means of the 4 inch refractor— 
yfT Light of Tfo i n ch mirror re silvered _ 9 72 = 2 06 
Light of inoh mirror after 9 months use 9 15 
The approximate identity of the above results is I think, such as 
to commend the method adopted with the wedge photometer to oon- 
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fidenoe, uuunnuoh as these small discrepancies are well within the 
limits of the errors of obsm ration 
The conclusions to be drawn from these lesnlts thus obtained are 
1 The very slight deterioration of tho mirrois aftei nine months 
constant use and exposme 2 Tho very considerable amount ot 
light reflected by these mirrors when compared with that transmitted 
by the Grnbb object glass amounting m fact to this that a minoi of 
15 inches aperture affords an image of a star as brilliant as that 
formed by an object glass (of the particular quality presented) of 
13 15 inches aperture 1 A slightly increased but only a slightly 
increased luminosity of image is caused by the adopti m of the focal 
length of 80 inches instead of 120 The lesult referred to above 
m 2, is in conformity with the lemark made by Dr Robinson in 
1 Phil Trans vol 151, to tho effect that m respect of the lnmmosity 
of the image, Newtonian reflecting telescopes of attainable aperture 
would probably surpass refractors of attainable dimensions, on 
account of the moreaemg absotption of light, by reason of thickness, 
unless indeed the translucenoy of glass can be sensibly improved 
It is to be notioed that with an exposure of half an hour in tho 
ii mch minor, the existence of nebulosity m the neighbourhood of 
Maia is distinctly traceable on the photographio plate With the 
exposure of an hour it is observable in form No traoe of the fainter 
nebulosity near Merope has been impressed 

III The Angular Extent of Apparently Undutorted Field, and the 
Amount qf Dutortwn where 1 1 Ecnet * 

The determination of these elements is of the utmost importance 
m the formation of ohaits of the heavens by the aid of photography, 
maamnoh as on the superficial extent of the reliability of the photo 
graphic field depend the time, labom, and cost of charting the 
heavens A general idea of thiB extent of reliable field may be 
gathered from the quality of the stellar images impressed at different 
distances from the centre of the plato Thus in the case of the 
if-inch mirror at about forty minutes from the centre of the plate 
the star images cease to be sufficiently circular, although fot a short 
distance beyond, distances between these stellar disks may still be 
measured, though not possessing the utmost reliability In the case 
of the -^pinoh mirror, this angular extent of measurable field extends 
beyond fifty.one minutes from the centre This very peroeptible supe- 
riority of the -M, inch mirror arises, partly, no doubt, from its longer 
focus, and it may also be influenced by the effects of the intervention 
of the plate holder, but be the causes what they may, the superiority 
longer focus is unquestionable in respect of extent of field 
But an equally important element remains to be investigated, 
nattely, the amonnt of distortion whioh exists at different distances 



174 Prof. C. PritohartL On the Capacities of two [May 8, 

from the oentre of the plate, and in order to ascertain this, I made a 
preliminary examination of the optiual quality of the field, by the 
method which I have described in vol. 47 of the 1 Memoirs of the 
Royal Astronomical Society* (p 238). This method consists in 
shifting the images of the same pair of stars to widely different 
localities in the field of view, and it was argued that so long as the 
measured angular distances between these pairs remained sensibly 
the same, i e , within the knovm and unavoidable limits of observa- 
tional error, eo long might the optical field of view be relied upon as 
sensibly accurate. 



ABCD represents the photographic plate where AB is 4 inches, 
and subtends an angle of l e 55' at the oentre of the ^-inoh mirror. 
A pair of stars of approximately the seventh magnitude was selected, 
and photographed near the oentre of the plate, aa at (a), with an 
exposure of five minutes. The telescope was then moved approxi- 
mately fifteen minutes to the south, and a second photograph taken, 
by which this same pair was removed to (6). This process was 
repeated again and again in northerly, easterly, and westerly direc- 
tions, till after thirteen exposures this same pair of stars was 
dotted about the plate as in the diagram. This same prooeas wns 
repeated on three plates on the same night (Maroh 3, 1888). The 
distances between each pair were then measured, and the means of 
five measures of eaoh pair were taken as the adopted measures for each 
pair respectively. The results are as follows : — 
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Distances between the Pair of Stan, oorrected for Refraction. 


Position 1 
of star., j 

a. 

i. 

* 

d. 


/■ 

9 

Plate I.. 
II.. 
III.. 

„ 

162-00 
161 -88 
162 08 

16 l '-92 

2 07 
*•17 

16 l ' : 98 

1 -81 
2-06 

151-99 
162 10 
2 03 

162" o 7 

1-88 

1-9 C 

152 *22 

1 95 

2 07 

162"02 

2-02 

2-44 

Me an.. . 

161 -99 

162 06 

161 93 

162 04 

151 -1)7 

162 08 

162-16 

Position 1 
of star.. /, 

- 

b'. 

o' J 

i\ 

<•'. 

f 

f- 

Plate I.. 

11.. 

111.. 

ns'-oo 
161 88 
162-08 

15 s " l 4 

2-19 

2 07 

„ 

168-06 

2 -08 
2-00 

162-17 

2-30 

2-24 

161*89 

1-88 

2 05 

16191 

1 96 
i -78 

162-06 

1 86 

2 10 

Mean... 

161-99 

162 13 

162 04 



162-20 

161-92 

161-88 

152 Oi » 


Tho following table exhibits the deviations of the intervals from 
the central interval at different positions on tho plate : — 


Dne North 15 -0 r Q2 

30..: +0-09 

SO +0-17 

Dae South US +0-00 

30 -o-oe 

48 +0-05 

Due Bast 15 -0-07 

30 -Oil 

46 +001 

Due West 15 +014 

30 +005 

52 +0-27 


When it is remembered that the unavoidable error of such measures 
is about 0"-2 (where 0-0001 in. is equivalent to (F’ll), the only oonclu- 
sion to be drawn is that to the extent of the field impressed on this 
plate of 1® 55' square, there is no perceptible or measurable distortion 
in the apparent distance of these pairs, and in faot that small 
measured diatanoes may be relied upon throughout the field; and 
thus, if a few stars are scattered about tbe plate with known co- 
ordinates, those of all the rest may be conveniently determined with 
great accuracy. 
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Subsequently to the above operation it was thought well to examine 
a pair of stars on thesame plates, which happened to full near the 
angles, vix., at (ar) and (g), impressions of the same pair as those at y. 
The distance of (x) and (i) from the oentre of the plate was approxi- 
mately 63', bnt it must be added that the impressed disks were 
slightly elliptical. The resulting distances between the stars of 
these three pairs were as follows 


Plate I 176 53 .... 17 g"i1 .... 176*35 

II 617 .... CIO .... 17629 

III 6 22.... 6-64 .... 176 15 

Examination of the Field of the fa$-inch Mirror. 

The photographic plate here is nearly 3 inches square, subtending 
an angle of 1° 56'. The pair of stars selected consisted of Atlas and 
Pleiono, and theso by the motion of tho telescope were made to occupy 
successively the positions indicated in the subjoined diagram, which 
will be understood from the description of the former. The tables 
are arranged on the same plan 


Fio. 2. 
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Distances of Atlas from Pleiono corrected for Refraction 


Position of ftar 


4 

* 

d 

* 

Plate I 

II 

III 

801 21 

1 15 

1 40 

301 47 

1 63 

1 38 

301 62 

1 74 

1 U> 

301 29 

1 63 
147 

801 03 

1 80 

1 62 

Mean 

SOI *5 

301 44 

301 G2 

301 43 

801 65 

Position of star 

/ 

9 

A 

• 


Plate I 

II 

III 

SOI 37 

1 41 

1 39 

801 32 
[ 1 60 

1 39 

801 68 

1 79 

1 71 

802 17 

2 01 

1 31 


Mean 

801 36 

801 44 

801 6 J 

302 03 



Tho following tablo exhibits the deviations of the mteivals from 
the central interval at different positions on tho plate — 


Due North 42 

+0 44 

N West 51 

+0 78 

Due West 32 

+037 

S West 44 

+011 

Due South 37 

+019 

S Last 48 

+0 40 

Due East 30 

+018 

N East 45 

+019 


It should be obeervod ben that while the linear discrepancies of 
measured distances are tho same as those with the T Vs mch miiror, 
they indicate larger angular discrepancies in the ratio of 3 2 
Nevertheless, the examination of these angnlai discrepancies exhibits 
evident traces of distortion, sufficient to lender extreme accutacy of 
measures unattainable without the great difficulty of an extensive 
tabulation , in other words, the oomjiarative short foens of this 
miiror is not well adapted to the purposes of accurate measurement 
Perhaps I ought here to refer to the very careful examination of the 
field of the Grubb refractor of 12^ inches aperture and 17b inches 
focal length lecorded in tho ‘Memoirs of the Royal Astronomical 
Society, vol 47, p 238, in which it appears that no absolute reliance 
oould be assigned to measures extending beyond 12 minutes from tho 
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centre of the field, that is to say, beyond a field whose diameter 
exoeeds 1400". 

Over and above this question of the accurate measurement of small 
distances from stars of known co-ordinates scattered about the field, 
Ihero is «the question of the possibility of accurate measurement of 
considerable distances from the centre of the plate itself In other 
words, can a linear measure on a photographic plate be accurately 
translated into the corresponding angular distance between two stars 
by simple multiplication by a constant ¥ In order to investigate this 
very important question, 1 had a senes of measures made of sixteen 
stars of the Pleiades from the star ( p ) Pleiadum, compared with the 
corresponding heliometer measures, as given by Dr. Elkin in the 
Yale College publications These distances extend from 400" to 
3200". The form which this examination assumed was that proposed 
by Dr. Gill in the ‘ Bulletin du Comit4 International Permanent pour 
l’Ex6cution Photographique de la Carto du Ciel,’ Paris, 1888, in 
which the heliometer distance (») between two given stars is equated 
to — 

at + i* 8 + c** + Ac , 

where («) is tko distance, measured on tho plate in inches. This 
investigation was first applied to the shorter focus mirror, inasmuch 
as it was expected to indicate sensible discrepancies from an uniform 
scale. The solution of tho equations of oondition give the following 
form for tho conversion of the linear distanoe («) into angular 
measure : — 

2577"-0396 » + 0" 4546 »». 

The probable error of the coefficient of ** is + 0" 2831, indicating 
an amount of insecurity which renders this method of investigation 
somewhat doubtful ; but taking it as it stands, this formula shows 
that while in a measured distanoe of half an inch, equivalent to 1200", 
no measurable error beyond 0"'l is introdncod, yet in a measure of 
2 inches from the oentre there is a possible or even probable cor- 
rection to be made, amounting to nearly two seconds. This 
seems to indicate the absolute necessity of a rigid investigation 
of the photographic field of all instruments in whioh that field is 
extensive. 

A. similar enquiry, referred also to Dr. Elkin’s heliometer measures, 
wan made though on a more restricted field, in the case of the de la 
Hue mirror, whioh has already been so extensively need for exact 
astronomy. In this case the coefficient (6) of the term depending on 
the square of the linear distance («) inches, is 

+ 0"‘333 ± 0"'202, 
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and, inasmuch m the measures actually made use of hitherto have 
never exceeded 0 75 inch from the centie of the held this correction 
(admitting its reality) indicates an unceitainty of about 0 16 
In the method employed foi parallax determinations with this instru- 
ment, this source of error, small as it is is effectually eliminated by 
the avoidance of all but differential moasuies 

IV The Photographic Capacities of the Two Mxrrort tn reepect of the 
Faintest Start wnpretted on Plates with Lip turet of given 
Duration 

The method employed was that described in the ‘ Proceedings of tbe 
Royal Society No 247 (read May, 1886) It consisted in taking 
with eaoh of the two mirrors three plates of the Plei uh s exposed for 
5, 80, and 60 minutes respectively The dianutera of a few stars 
whose magnitude had been well determined by the wedge photc 
meter were measured five times on each of the plates and then by tho 
means radicated in the above mentioned paper, tho following insults 
were obtained — 


Mirror y’/a raoh 

Exposures of 5 30 and 60 minutes respectively gave — 

5 min — log mag required = log 11 14 (mag ) — 0 0204 £ 

30 min — log mag requited = log 13 r 5 (mag ) — 0 0201 e 

60 mm — log mag required = log 14 79 (mag ) — 0 01 Ji 6 

In the above formula log 14 70 radiant* i the mngmtude of tbe 
faintest star just beginning to be impressed on tho photogra; In plate 
daring its exposure of 60 minutes Tins numbet and the coefhcient 
of £ were obtained in the manner already refened to above whore o 
is the measured diameter of the star whose magmtu le is sought, 
expressed in seconds of are 

In like manner, the magnitude of the faintest star, during an 
exposure of 30 minutes, was 13 55 magnitude and dnuug an exposure 
of 5 minutes, was 11 14 magnitude 

Mirror inch 

A similar investigation applied to this minoi gave tho following 
results after exposures of similar duration — 

5 mra — log mag leqwred = log 11 93 — 0 0215 £ 

80 mra — log mag required = log 13 79 - 0 0186 £ 

60 min — log mag required as log 15 13 — 0 0197 £ 

From this it appears that the photographic capacity m lespect of 

the faintness of the light impressed is slightly in favour of the shorter 

voc xuv. 0 



180 Prof. C. Pritchard. On tfo CapaoitUt of two [May 8, 

focus mirror, and that with an exposure of one hour no fainter star 
than tho fifteenth magnitude leaves a trace at all discernible on the 
photographic film. 

In the following tables are given the reanlte of the preceding 
form aim ae applied to stain whose magnitudes have been determined 
by the wedge photometer, and rocordod in the ‘ Uranometria Nova 
Oioniensis.’ In the first column is given the designation of the star 
in the Pleiades, adopted by Bessel. The remaining columns speak for 
themselves. 


Tablo I. — Exposure 5 minutes. Mirror fj-inoh. 


Star’s 

designation. 

diainotor. 

Computed 

(phoiographiu) 

magnitude. 

Photometric 

magmtudo 

UN.O. 

Difference 

C - 0 

No. 8... . 

io'oi 

7 27 

786 

-0-09 

36 

4-75 

9-48 

9 67 

-0-24 

40.. 

fi 80 

7 31 

717 

+ 014 

32 

11 66 

6 70 

6 'HO 

-0 10 


Table II.- 

—Exposure 30 minutes. 


Star’s 

designation. 

Measured 

diameter. 

Computed 

(photographic) 

magnitude 

Photometric 
magnitude 
U.N O. 

Difference 

0-0 

No. 8 

14*41 

7-44 

7 36 

+ 0-08 

36 

8-08 

o-ei 

0-67 

-0 16 

40 

1ft 11 

7-2* 

7 17 

+ 006 

U 

16 61 

6-77 

6 80 

-0-03 


Table III.— Exposure 60 minutes. 


Star’s 

designation. 

Measured 

diameter. 

Computed 

(photographic) 

magnitude. 

Photometric 

magnitude 

u ! n . o . 

Differenoe 
0-0 
in mag. 

No. 8. 

88 

40 

23 

16*97 

10-46 

16-64 

17 28 

7-88 

9-42 

7-11 

e-ei 

7-86 

9-67 

7-17 

6-80 

-0 08 
-0-86 
-0-06 
+0 11 
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Attention may hero be drawn to the precision of the results 
obtained by measures so independent of eaoh other. As an accidental 
result of these recent measures of the photographic magnitude of the 
stars, it may be mentioned that in May, 1886, the photographio 
magnitude of Star 22 in the Pleiades was 0-35 magnitude less 
than the photometric as obtained from very many measuirs, and I 
attributed this difference to the probable actinic peculiarity of the 
atar in question, but inasmuch as no bucU perceptible difference exists 
m the more recent measures of tho photographic and photometric 
magnitudes, resulting as they do from so many independent deter- 
minations tho question of tho variability of this star is suggested as 
very probable. Ploione also in the moasures of 1886 exhibits a 
difference between the photometrio and tho photographio mngnitudc. 
Inasmuch as the same difference m the measures has been again 
exhibited in tho recent measures, it seems reasonable to explain the 
fact by the peculiar actinio action in tho light of this star 

As a further example of tho power and applicability of this 
definite method in reference to faint stars not suitable for determina- 
tion by the wedge photometer, I may add here tho following 
comparison of the resulting measures made by the photographic 
method, set side by side with the magnitude as estimated by Wolf 
(‘Description do Groupe dos Pleiades,’ Pans, 1874). 



It has been piore than onoe proposed to estimate or to measure the 
photographio magnitudes of stars, by means of the breadth and 
character of their traoea on the photographic plates. This method 
would involve an unnecessary consumption of time in procuring 
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impressions made with this object in view alone. But by the method 
here adopted, the same plates which are taken for ascertaining tho 
co-ordinates of the stars, serve equally well for measuring their photo* 
graphic magnitudes. It in perhaps unnecessary to point ont that 
practically the photometric and photographic magnitudes are, for tho 
most part, identical. The remark above will fail of application, if it 
be possible to determine differences of right ascension and of declina- 
tion from the traces of the stars with sufficient accuracy. 


VI. “On tho Development of Voltaic Electricity by Atmo- 
spheric Oxidation.” By 0 R. Alder Wriuht, D.iSc , F.R.S., 
Lecturer on Chemistry and Physics, and O. TnOMPBON, 
F.I.O, F.C.H., Demonstrator of Chemistry, in St. Mary’s 
Hospital Medical School. Received April 17, 1888. 

In a preliminary note on this subjoct (‘ Roy. Soo. Proc vol 42, 
p. 212), it has been shown that when copper is immersed in an 
aquoous solution of ammonia and opposed to an “ aeration plate ” of 
Homo conducting material not otherwise acted upon, lying horisontally 
on tho sin-fare of the fluid, a current flows continuously through a 
wire, ifeo., made to connect the two platen, tho energy manifested by 
which is due to the absorption of atmospheric oxygen by the aeration 
plate and the indirect combination of this with the copper forming 
cuprous oxido which dissolves in tho ammonia. Numerous analogous 
electromotor colls are readily obtainable by suitably varying the metal 
susceptible of oxidation and tho electrolytic fluid employed, some of 
which we have submitted to close examination ; whilst another class 
of voltaic cells, acting on much tho same principle, we find can be 
obtained by substituting for the oxidis&ble metal a platinum or other 
incorrodible plate immersed in an oxidisable fluid, such as pyrogallol 
dissolved in caustic soda : preferably tho abration plate is arranged 
in one vessel ou the surface of some convenient flnid (not necessarily 
identical with the oxidisable one), and the other plate and oxidisable 
fluid placed in another vessel, the two being connected by a siphon 
or wot wick ; or the whole may be arranged as a gravity battery, the 
oxidisable flaid being made the heavier one so as to preserve it 
from direot oontact with air ; or a (J-tube arrangement may be 
employed. Thus, for example, a platinum plate immersed in an acid 
solution of ferrous sulphate, or in sulphurous acid solution, connected 
with a vessel containing dilate sulphuric acid, and ai\ aflrabion plate 
of spongy platinum, dbc., furnishes an eleotro motor cell in which tbs 
production of a current is accompanied by the virtual transference 
of oxygen from the adration plabo to the oxidisable flnid, forming 
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ferno sulphate or sulphuric acid respectively A considerable 
enhancement in the E M F of each an anangement is effected if the 
i ndisable fluid is rendered alldime, and the aeiafciou plate surroun led 
by and fluid as in that case the passage of a current is also aooom. 

} anted by the mutual neutralisation of the acid and alkali to an 
extent equivalent to the cm rent flowing (apart flora diffusiou) the 
beat of neutralisation of caustic soda and sulphuno acid is (Julius 
Thomsen) 31,178 gi am degrees equivalent to 0 675 volt, and 
similaily in other cases Thus tolorally oncrgttio at ration cbIIb are 
obtained by using oanstio s xU solution of pjrogallol or sodinm 
hyposulphite ( Schutre u berge r ■ hydr rulphit ) and a platinum sponge 
aeration plate on the surface of diluted sulphuric acid and somewhat 
weaker ones if an alkaline solution of fin o cyanide oi sodium plnmbate 
be used, fern cyanide or lead dioxide (precipitated in tho solid f im 
on the electrode) being the product of the oxidation thus effected, 
and the CUV being upwards of 0 8 volt in each case 

In all aeration cells, whether oxidisable fluids or metalH be employed, 
one marked feature is tho extremely rapid rate at which the E M B 
of the cell falls if the current geneiated is made to exceed a very 
small limiting density relatively to the area of the ai ration plato 
Of course when this plate is a sheet of polished metal such as platinum 
foil this limit lies much lower than when it is stray of the Raine 
area tilled with spongy metal, pulverised graphite Ac because in the 
latter case the true surface acting is much greater than the actual 
area of the ti ay a number of observations led ns to the conclusion 
that with the most sensitn e kinds of aeiation plates examined (thin 
foils or leaves of tho precious metals), a measurable depreciation in the 
BMP of a cell that otherwise would give a constant value was 
speedily brought about if made to generate a current of greater 
density relatively to the aeration plate than about t \ micro ampere 
per square centimetre of surface, oi 1 micro ampere foi a plate 
5 centimetres square, exposing 25 square contimeties of suifaoe (one 
side only reckoned) , but with Aeration plates of spongy metal 
currents of man} times this density produoed little or no dcpteciation 
evon after flowing some time Even with the most favoumblo kinds 
of plates, however, the tendency tow aids depiociation was so far 
marked as to render it evident thnt but little hope could bo enter- 
tamed of ntilmng the principle of atmospheric oxidation for the 
production of cheap cunenta of sufficient power for practical use, 
txoepting when plates of enormous area are employed, so that the 
density of the current should still be small, even when the current 
itself was of moderate magnitude Admittingv however, that a laige 
superficial area (eg, a lake or artificial reservoir) of fluid were avail- 
able, and that the cost of a proportionately large system of aS ration 
plates were not prohibitive, it does not seem absolutely impossible 
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that the production of current! by atmoapherio oxidation might he 
practically effected on the large scale. 

We found it difficult to obtain sharp and conoordant valuations of 
the E.M.F. actually set up in cells containing oxidiaable fluids, the 
more so, as the numbers appeared to vary, not only with the nature of 
the aeration plate and the fluid in contact therewith, but also with the 
character of the incorrodible plate immersed in the-oxidisable fluid, and 
with the nature and strength of that fluid also. With oells containing 
oxidiaable metals, however, and electrolytic fluids in whioh the oxides 
formed were soluble, we found no difficulty in obtaining far more 
concordant and approximately constant values than would at first sight 
have appeared likely, or even possible with combinations in whioh one 
ingredient was so unstable an element as a film of gaseous matter 
attracted to the surface of a condensing solid, and simultaneously 
in contact with a fluid capable of dissolving the gas. Obviously, 
mechanical disturbances, rapid alterations of temperature, and such 
like causes would be likoly to cause largo variations from time to 
time in the readings of any one particular cell ; whilst unavoidable 
differences in the conditions of surface of otherwise duplicate plates 
(such os variations in degree of poll eh, Ac ) would render it likely 
that the average readings of any two duplicate cells would occasion- 
ally exhibit considerable divergence; we succeeded, however, in 
reducing these sources of fluctuations to comparatively small limits, by 
setting up the cells in an npartment where the temperature varied but 
little, and only slowly, the readings being mostly taken in the morn- 
ings after standing at rest all night ; whilst alteration of the fluid by 
evaporation, attraction of moisture, carbonic acid, Ac., from the air, 
falling in of dust, and bo on, was avoided as much as possible by 
covering over the vessel containing the aeration plate with a bell-jar 

c c 
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A, the siphon connecting this vessel with the other one in which 
the oxidisable metal was u— weed being bent so as to pass under the 
11m of the jsr«, a, a It was found convonnnt to monnt the jar on a 
block of paraffin wax with a circular groove b, b, in which the bell-jar 
stood, the groove being then Ailed with met cui y ho as to make a sort 
of hydraulic late , if required the air inside the jar could be replaced 
by oxygen, Ac , by simply passing in a ourrentof gas through one of a 
pair of tabes e, e, introduced through a porforat* d cork m the net k of 
the jar Usually several aeration plates wore separately ai ran god 
in the same vessel, each one B, being connected (by means of a 
platinnm wire d, d, d, imbedded in the paraffin wax, pissing undu the 
rim of the jai), with a meioury oup e outside m this way the plate 
of oxidisable metul used,/, could be removed at pleasure foi cleaning, 
amalgamating, Ac, and replacod without disturbing the aeration 
plates, and could be opposed at will to any one of these by a siraplo 
switch connecting the icquired mercuiy enp with the rest ot the 
circuit 

On first sotting np suoh an arrangement and taking readings 
alternately with any one of the plates opposed to the oxidisable metal, 
and a Clark's cell, the total resistance in circuit being the same 
(usually several megohms to reduce the current density suffit icntly) 
values wore obtained generally exhibiting piogietmvo nltoialion 
(sometimes mciease, sometimes decrease) as time elapsed, but after 
periods varying in diffeient cases from an lionr or two loseieial days, 
sensibly steady readings were obtained exhibiting little or no variation 
for days and even weeks together, what variations were observed 
were generally traceablo either totempuature fluctuations or to slight 
shaking or mechanical disturbance whilst renewing the opposed 
oxidisable plate, or to slight differences in the latter If, liowevei in 
cells set up with dilate salpharto and air had free access, more or less 
considerable alteration was often brought about after Borne time 
throngh evaporation or attraction of moisturo from the air, altering 
the film of fluid in contact with the nuation plate, and tins was still 
more the case with cells set up with oaustio soda solution through 
absorption of carbonio acid, and with ammonia cells through vola* 
klisotion of ammonia 

The result of a large number of observations with cell# of various 
kinds was to show tli&b the following general proposition holds — 

If a oell set up with a given fluid, oxtdisable metal, and notation 
plate generate an E M F = e 1 , then the effect of substituting 
another aeration plate for the first u to alter the E M F to 
Sj as + Kj, whilst that of snbstitutmg a different ox 1 disable metal 
is to alter the BUF to «,s«, t K, the quantity K t being inde- 
pendent of the nature of the oxidisablo metal used, hut \arymg with 
each kind of aeration plate employed, and also to some extent with 
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the nature of the fluid ; and similarly the quantity K, being inde- 
pendent of the nature of the aeration plate used, but varying with 
each kind of oxidisable metal employed, and to some extent also with 
the nature of the fluid. 

For example, in one experiment four aeration plates, respectively 
platinum sponge, gold sponge, silver sponge, and graphite, were 
successively opposed, first to amalgamated zinc, and then to brightened 
lead in a eaustio soda solution of strength 3’45Na,0,100H,0, giving 
the following average values after making a long series of readings 
(Clark’s cell = 1435 at 15“ C ) :— 



Zmo. 

Lead. 

Difference — K,. 

Platinum apon^o 

Oulil aponge 

Silver aponge 

Graphite 

1-471 

1-436 

1-619 

1-400 

0 799 

0 739 

0 910 
0-096 

1 1 l 1 

Illi 


Mean.. 

-0-708 


Tallies of X,. 

Zino. 

Lead. 

Mean. 

Platinum apongo replaced by gold 

-0-088 

+ 0-148 
-0 071 

+0-184 
-0 086 
-0-219 

-0 037 

+ 0-147 
-0-078 

+0-184 
-0 086 
-0-220 

-0-0866 

+0-1475 

-0-072 

+0-184 
-0 0868 
-0-2105 

Platinum aponge replaced by ailrcr 

Platinum aponge replaced by graphite 
Gold aponge raplaood by silver 

Gold* sponge raplaood by graphite . . 
Silver aponge replaced by graphite. . . 


Numerous other experiments of the samo kind were made with 
analogous results in all cases ; the values for and Kf respectively 
found in any given set of observations never differing by quantities 
outside the limits of experimental error. The average values of Kj 
or Kj thus deduoed for a given fluid, however, always differed 
measurably from those similarly deduced for a different fluid, even 
when that was a similar solution but of different strength. The 
tables hereafter described illustrate these differences more fully. 
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0$Ut set up with Caustic Soda Solution as Eleclrotyite Fluid, and 
various Aerati n Plates opposed to Zinc 
When steadiness was once obtained, we found that the fluctuations 
observed from day to day in a given cell set up with amalgamated 
aino as oxidisable metal (freshly amalgamated each day) rarely ex- 
ceeded + 0 003 to 0 004 volt diffciuioe from the mean of several days 
(sometimes some weeks) readings Duplicate cells however gave 
average readings exhibiting gi eater differences up to ± 0025 or 
X 0 030 volt thns eighteen different cells set up with platinum foil 
or tbin leaf caustic soda solution of strength 3 45Na<>0,100H s O, and 
amalgamated Bine gavo the following results — 


Maximum mean reading of any given coll 1 44 1 

Minimum mean reading of any given cell 1 403 

Average reading of all 1 423 

Probable error of average . +0 0019 


Even with a much smallor number of colls, the probable enor was 
usually well withm ± 0 005 volt, the differences oheerved with dif- 
ferent colls mainly depending on the unavoidably slight differences in 
the surface of the metal, & o , constituting the aeration plate 

On substituting a stronger solution of caustic soda for a weaker 
one, as a rule an increment in average value was obiiervod, and net, 
versa, but the extent of tho alteration varied considerably with 
different kinds of aeration plates with solutions of strength 
0 05Na s O,100H s O the readings fluctuated so lriogularly as to 
prevent any approach to an accurate avoingo valuation but with 
stronger solutions the readings were sufficiently concotdant to rednee 
the probable error of the final average to only ± a few millivolts 


Cells set up with 3 45No,0 lOOHjO 


Adration piste 

Mo of 
ulls 

Maximum 

Mn in um 

V\ rage 

Silrer sponge (from acetate) 
Palladium spouse 

Silver spouse (from chloride) 
Platinum sponge 

Palladium foil 

Gold sponge 

Graphite (natural) 

Gold leaf and foil 

Platinum leaf and foil 

Silver leaf and foil 

Carbon Specimen A 

Carbon, 8pecnneo B 

S 

4 

4 

14 

4 

10 

9 

15 

IS 

21 

4 

4 

1 624 

1 669 

1 651 

1 491 

1 408 

1 460 

1 466 

1 44) 

1 446 

1 426 

1 383 

1 807 

1 616 

1 549 

1 4>6 

1 450 

1 422 

1 458 

1 892 

1 402 

1 403 

1 8f 7 

1 544 

1 269 

1 618 

1 668 

1 484 

1 468 

1 448 

1 448 

1 428 

1 426 

1 428 

1 396 

1 866 

1 287 
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The spongy metals need wore prepared ae follows : — Silver sponge 
(from acetate) by gently igniting in the air orystalliBed silver acetate ; 
that from chloride by boiling well-washed silver chloride with sugar 
and caustic soda until redaction was nearly complete. Spongy 
palladium and platinum by gentle ignition of tho ammonio-ohlorides 
of palladium and platumm respectively ; and spongy gold by gentle 
ignition in the air for a long time (so as to burn off carbon) of cincho- 
nine auro-chloride. The graphite was a very pare natural specimen 
from Ceylon ; when used it was ooarsely powdered, and spread over 
the surface of porous earthenware like the spongy metals. As regards 
the leaves and foils of silver, gold, and platinum, no discernible 
differences could be distinguished between the values given by the 
thinnest leaves and comparatively thick foils (up to 0 1 ram. in thick- 
ness) in any of the throe cases, saving that the latter took a much 
longer time before steady readings were obtained. Carbon (A) was 
a piece of electric light rod ground down to a thin flat plate ; (B) 
part of the earbon for a Leclanchd cell similarly treated. 

It may be noticed that some aeration plates composed of spongy 
platinnm with a top layer of platinum-black (precipitated from the 
chloride by boiling with caustic soda and alcohol) gave figures pretty 
close to those furnished by platinum sponge ; as also did other plates 
consisting of porous earthonwaro painted over with platinoehloride 
of ammonmm made into a paste with gum-water, ignited, and the 
film of spongy platinum left on the surface burnished bright. 



Maximum. 

Minimum. 

Mean. 

Platinum tponge and block 

1-478 

1 441 

1-467 

Buruulied put 

1 466 

1 468 

1-464 

Platinum iponge alone 

1 491 

1 460 

1-468 


When dilute sulphuric aoid was tho fluid, however, the platinum- 
black plates gave values upwards of a decivolt higher than sponge, 
and the burnished pots about as much lower than sponge. 

A large number of observations were made with sets of aSration 
plates and ozidisable metals in contact with caustic soda solution of 
one strength subsequently changed for a different one, and so on, only 
those readings being taken into account when steadiness was attained ; 
thus the following figures were obtained where the plates were read 
first in WfiNajO, 10011,0, then in 3'45Na*,100H g O,then in 7‘15Na,0, 
IOOHjO, and then in the first again, and so on several times, so that 
each plate was read several times in each strength of fluid. In all 
oases the stronger the solution the higher the value, bat the effect of 
a given increment in solution-strength was very different with dif- 
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ferent a6 ration plates • thus tlie following mean readings were 
obtained 


Increment m BMP brought ahout by increasing the Strength of 
Caustic Soda Solution from mNa a O 100H 0 to »NajO,100H,O 



m - 1 75 
a - a 46 

*« - 8 46 
* - 7 16 

m - 1 75 

a - 7 16 

Platinum foil 

Platinum sponge 

Silver foil 

Silver spingt 

Gold foil 

Gold sponge 

Palladium foil 

Graphite 

0 038 

0 020 

0 014 

0 010 

0 031 

0 027 

0 032 

0 029 

0 01 G 

0 (04 

0 012 

0 027 

0 OlO 

0 016 

0 007 

0 001 

0 018 

0 088 

0 040 

0 oic 

0 041 

0 048 

0 on 

0 080 


Combining tin Be figures with the average values previously obtained 
for 3 45Na,0 10011,0, the following mean values result 


BMP of Cells set up with Amalgamated Zinc and mNa,0 100H a O 



a-l?9 

**■*14 

s* - 7 13 

Spongy silver (acetate) 

Spongy palladium 

Spongy silver (chloride) 

Spongy platinum 

Palladium foil 

Spongy gold 

Gdlfralanlltaf 

Platinum foil u d kaf 

Silver foil and leaf 

Garbdh (mean of A and H) 

1 699 

1 334 

1 416 

1 4t6 

1 399 

1 J»o 

1 800 

1 882 

l ns 

1 663 

1 48t 

1 463 

1 418 

1 448 

1 428 

1 42b 

1 423 

1 3J6 

1 826 

1 645 

1 467 

1 Y<i 

1 459 

1 429 

1 436 

1 438 

1 428 


OeUt set up vnth Oauthc Soda S rtuhem and Various Kindt of Aeration 
Plate t opposed to Liad 

It was found that when a given aeration plate had attained to a 
condition of steadiness, if opposed to a piece of freshly brightened 
pure lead, somewhat irregular readings weio obtained for a few 
minutes owing to the effect of the alkali on the polish of the lead 
in a short time, however, this disturbing influence mostly subsided, 
and tolerably constant values were obtained for two or three hours, 
after which a slight lowering genuaUy began to be noticed con- 
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currently with a notable increase in the amount of corrosion of the 
1« ad , the following values were obtained during this period of two or 
three hours whilst the readings were comparatively constant 


Values of Kj ( = effeot of substituting Bngbtened Lead for 
Amalgamated Zinc m mNsjO.IOOHjO 



» - 1 75 

m - 3 46 

m - 7 15 

Maximum 

Minimum 

-0 090 
-0 668 
-0 078 

-0 708 
-0 681 
-0 690 

-0 708 
-0 678 
-0 691 

F M T of Cells sot np with Brightened Lead and wNogO 100H 2 O 


* -1 75 

m - 8 45 

* - 7 16 

Spongy ulTrr (acota(e) 

Spongy palladium 

Sjpongy platinum 

Spot gold 

OolS foil and lea 1 

Vlatin nu foil an 1 lead 

Silier foil and luul 

Carbon 

0 Oil 

0 756 

0 7d8 

0 788 

0 721 

0 717 

0 712 

0 704 

0 928 

0 873 

0 778 

0 758 

0 753 

0 738 

0 736 

0 783 

0 706 

0 630 

ooooooo c 

sSSsssa s 


Here, as with cells set np with smo, the E M P rises with the 
solution strength, but not to so great an extent, since the (negative) 
\alue of K] also increases therewith 


Cette trt up mth Dilute Sulphuric Actd and Copper at Oxvhealle 
Metal 

As a general rule, cells set np with dilnte snlphnno acid showed 
somewhat lesa steadiness, and wider limits of fluctuation between the 
mean values of duplicates, than oells containing canstic soda , bnt the 
numbers obtained were sufficiently concordant to show that, eaters* 
panbut, the E M F of a oopper snlphnno acid aeration plate oell 
increases with the solution strength, and that practically no differ- 
ence is noticeable between the mean value obtained with the thinnest 
leaves and foils of the same metals np to 0 1 mm in thickness 
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Mean BMP of Cells set np with Electro copper and 
mHgSO^lOOHjO 



m - 26 

m - 10 

Increment 
with atronger 
eolubon 

Platm am ejxmge coven 1 with pl»ti 
Platinum vpt nj,e 

Platinum vpongi <1 in la\tr b iiutl ed 
P ill chum eponu. 

Cold 

Platm imfod aid leaf 

Palladum foil 

Gold foil and leaf 

Graphite 

Cerbm (A) 

Carbon (B) 

Sponsv vilrer 

Silver fed and leaf 

0 830 

0 617 

0 400 

0 414 

0 447 

0 444 

0 44 n 

0 7H0 

0 toN 

0 6 W 

0 r -7 

0 o0< 

0 410 

0 458 

0 4)8 
0 4 r ( 

0 84 
0 410 
About 0 3 • 
About 0 2 d* 

0 022 

0 010 

0 010 

0 010 

0 011 

0 018 

0 007 


Cells Set vj> with Dilute S tlphunc Ac i 1 anl Amalgamate l /me Bright 
Cadmium, and bdoer Foil, us Onluciblt Melds 
The v&ino of K,, the effect of substituting amalgamated zmo for 
coppti was found to be generally some 2 to i 5 contivolts higliei at 
first than after standing awhile , after one or two boars the zinc 
platos wore generally moio or less coated with mmnto bubbles ot 
hydrogen through local action, and then gave pretty constant readings 


Value of K a = effoct of substituting otbei Metals foi Coppor 
in mHjSO* 100H s O 


Zmo 


Cadmium 


Slver 




- 10 


+1 06i 
+i an 
+ 1 016 


+0 781 
+ 0 705 
+ 0 720 


+ 0 742 
+ 0 700 
+ 0 72o 


-0 29 


-0 12 
Abt -0 20 


* The value* obtained with • lrer stratum plate* ot all kind* were moat irregular and 
wanting in ateadinea* ( with epongy nlrer (both from ao< tote and from chloride) 
number* were obtained varying between 0 28 and 0 13 in the majority of twee nc t 
far from 0 84 to 0 88 , and with foil and leaf, number* lying between 0 17 and 





198 


Dr. C. R. A. Wright and Mr. C. Thompson. [May 8, 

for Rome hours longer; the following figures refer to this latter 
period when nearly constant bnt lower values were obtained. 
Cadmium did not alter so markedly on standing ; silvor gave very 
irregular values. 


E M If. of Cells set np with Amalgamated Zinc, Brightened Cadmium 
and Pure Silver Foil in mH ; SO v 1001IjO. 



Zmo 

Cadmium 

Silver 

m- 2 6 

m - 10 

m -2-5. 

m - 10 

m - 10. 

Platinum »ponge muted 
with platinum black 

Platinum tpongo 

Palladium eponge 

Gold sponge 

Platinum foil and leaf . 

Palladium foil 

Gold foil and loaf 



1-681 

1-662 

1-Mf 

1-489 

1 498 

1 490 
1-404 

1-750 

1 R28 

1 497 

1 476 

1 430 

1 428 
1-428 
j 1-426 

1-423 

1356 

1-237 

1-218 

1164 

1 167 

1 105 
1109 

1-505 

1 383 
1-259 

1 831 
1-185 
1-183 
1-188 
1-181 

1180 

About 0 68 
>. 0-46 
„ 0 33 
„ 0-31 
„ 0 28 
„ 0-2« 

„ 0 28 
„ 0 255 

Carbon (mean of A 
and B) 


In the case of the cadmium cells, the E.M.F. rises with the 
solution-strength as it does in the oopper cells, and more rapidly 
because K a is positive and also rises ; bnt in the case of the aino cells, 
the E.M.F. fall* as the solution-strength rises, because Kj is here 
much smaller with the stronger solution. 


Celle Set up with Ammemiacal Solutions a* JSleotrohjtio Fluid*, and 
Electro-copper a* Oviduable Metal. 

It was found impossible to keep any one cell of this kind under 
anything like constant conditions as regards the nature of the fluid 
ou account of the loss of ammonia, experienced to a large extent 
oven when covered with a jar, Ac. ; accordingly, the following values 
van only he regarded as approximate, especially in the case of the 
stronger solutions. The strength of the fluid was ascertained by 
sampling and analysis from time to time, and consequently inter* 
polation was sometimes requisite in order to reduoe the values 
obtained with different sets of plates to the same mean strength. On 
the whole, however, the figures indicate that with solutions of pare 
ammonia, the E.M.F. rises with the strength of the solution ; and 
'similarly with liquids containing sal*ammoniao as well. 
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B.M.F, of Cells set np with Eloctro-ooppor and Ammonincal 



With brine saturated with ammonia and spongy platinum aeration 
plates higher values still were obtained, reaching np to about 0 75 as 
a maximum; but, owing to evaporation of ammonia, these high 
values rapidly diminished on standing a short time. 

Cells set up with Amalgamated Zinc and Bright Silver Foil at Ox! disable 
Metals. 

The following numbers were obtainod as the average valnesfor 
cells of this kind : — 


Values of K, = effect of substituting other Metals for Copper in 

iNHj^NHyCl.lOOHyO. 



jr - 0 (pure ammonia) 

y -08. 

y - 6. 

Amalgamated tine 

+ 0 960 

+ 0 930 

+ 0 920 

Bright wlrer 

— 0 '385 

-0 310 

-0 340 
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E M F of Celia aet up with Amalgamated Zme or Bright Silver and 
Ammowaoal Solutions, aNH, yNH 4 d,100H,0 
a = 26 



Iu general the KMl rises with increased Bolnt on strength, 
platinum foil being exceptional when opposed to nine, the E M F here 
being practically constant 

The vanous tables abovo stated clearly show that the order of 
magnitude of the BMF generated whon a given kind of aeration 
plate is opposed to a givon oxidmable metal, depends on the natnro 
and to some extent also on the strength of the solution used as elei tro 
lytio fluid The following table mdioates the lelative order m which 
various plates come in solutions of caustic soda, sulphuric acid, and 
ammomacal liquois respectively — 


Can ft to Soda Sulphury- Ac d 

Stiver sponge (acetate) Platinum black 

Palladium » ponce Platinum ipongo 

Silver iponjji (chloride) Palladium »ponge 

Plat inum ap, nge Gold aponge 

Platinum black fPlatinum foil and leaf 

' P alladium foil Palladium foil 

Gold sponge ■ Gold toil and leaf 

'Granlute Gra)hite 

■ Gold foil and leaf (.Carbon 

Platmum foil and leaf Silver aponge 

Silver foil and leaf Silver fod and leaf 

Oarbon 


In all cases a metal in the state of sponge gives a higher value than 
when in the state of polished foil or thin lesf 


Comparison between the E M F generated in Aeration Plate Celle and 
the Chemical Action going on therein 
In the esse of cells with caustic soda as electrolytic fluid the nett 
chemical change is the oxidation of the oxidisable metal to form 


Am non oral Fluids 

Platmum sponge 
Gold sponge 
f Silver aponge 
( Oarbon 
J Palladium foil 
( Platinum foil 
Graphite 
/ Gold foil 
t Silver foil 
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oxide (or hydroxide) whioh w the oaae of uno xnd lead farther die 
solved in the alkaline liquid forming smcate or plnmbate the heat of 
solution of nno and lead oxides m caustic soda being unknown the 
total heat development cannot be exactly calculated Aooordiug to 
Julas Thomsen ZnO » 8 .>430 and PbO = &0300 gram degrees, 
oorresppnding with the E M F a 1 837 and 1 081 respectively * where 
fore the BMP due to the ohemual act on (including formal ion of 
rinrato and plnmbate) must be higher still on the other hand the 
highest values observed in any aeration cell were only 1 f45 and 
0 9 4 respectively (spongy silver acetate) whilst valuos of from 1 to 
4 decivoltr lower still were observed with other plates Hence lAe 
1Mb actually generated % n these edit fall* very const le ill/ short of 
that corretpon 1 ng with the chemical change even under the most 
favourable circumstances if when producing only an infinitesimal 
current whilst when producing a somewhat greater current but still 
of only small density (not exooodmg a fraction of a micro ampfere 
per square centimetre of aeration plate surface in some eases), 
runmi g down and marked depreciation of K HP is rapidly brought 
about 

Much the same remarks apply to cells set up with sulphuric acid 
and with nmmomacal fluids in the former the nott chemical change 
» the oxidation of the metal and solution of the oxide in the acid 
form ng the sulphate Julius Thomsen gives the heat values — 

Zinc Zn O <30, aq as 106090 gram degrees = 2 281 volts 

Cadmium Cd O SO,aq = 89 500 = 1 924 

Copper Cu O SO,aq = 55J60 = 1 203 

Silver Ag, O SO„aq = 20390 , = 0 438 

Whilst the highest observed values in the case of the first three metala 
fall slort of these by 4 to 5 lecwolts and with less active aeration 
plates the deficiency is much greater Silver however when employed 
as oxidisable metal, does not show this falling off bit rather the 
reverse the highest value observed (platinum black) being about 
058 and the next highest (platinum sponge) about 0 4b both 
weeding the EMF calculated from the heat value obvioasly this 
is duo not to anything connected with the aeration plates bit lather 
to the large negative value of tl e thormo voltaic oonstantf f ertavning 
to silver in contact with sulphur o acid evidenced also by the ciroara 
stance observed by us that when Rilver is substituted for nno in a 
Grove s cell, instead of the EMF being depressed by an amount 

* Taking J - 41 6 x 10* and the un t O G 8 currant a* evolv ng 0 0001086 
gram of hydrogen per eeoosd whenoe tl e factor for oonrertmg gram degree* into 
volt* l* eannbly 4800 x 10-8 — 0 000043 per gram equival nt 
t Phil Mag vol 19 1888 pp land 108 

VtW» X1.IT p 
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corresponding with the difference in heat of formation of sine and 
silver sulphates (85700 gram-degrees = 1 848 volts) it is only 
depressed by An amount short of this by some 5 or 6 deoivolts. 
Similarly in the ammoniacal cells where (as in tho caustic soda cells) 
the action consists in the oxidation of a metal and the solntion of the 
oxide formed in tlie ammoniacal liqnor, Julius Thomsen gives the 
heat ralnes — 


Zinc Zn,0 = 854% = 1837 volt. 

Copper Cuj,0 = 40810 = 0877 „ 

Silver Ag„0 = 5900 = 0-127 „ 


Whence the E.M.F corresponding with the total chemical change 
must somewhat exceed these amounts by tho quantity representing 
the respective heats of solution in ammonia liqnor of the metallic 
oxides: the highest values observed with sine and ooppor fall dis- 
tinctly short of these amounts, whilst the numbers obtained with 
many kinds of aeration plates in weaker solutions exhibit a large 
deficiency; on the other hand, cells containing silver as oxidisable 
metal show no large falling off, and in tho case of the highest values 
an actual excess of E.M.F. , again indicating a somewhat large negative 
value for the thermo-voltaic oonstant applicable to silver in contaot 
with ammoniacal fluids. 

It is noticeable that the values of Kg deduced above are not widely 
different from those equivalent to the difference in heat of oxidation 
of the various metals, silver exoepted : thus with tho canstic soda 
cells — 


; S} - 35130 = - m 

Observed values from —0678 to — 0-691. 

With the sulphuric acid cells the differences between the heat of 
formation of copper sulphate, and that of sine, cadmium, and silver 
sulphates respectively, are +50130, +33540, and —35570, corre- 
sponding with — 


Volts. 

Copper replaced by sine = +1-078 
Coppor replaced by cadmium = +0-721 
Copper replaced by silver = —0-765 


Observed values of K t . 
+0-970 to f V054 
+0-720 to +0-725 
About —0-020 


With the ammoniacal oells the differences between the heat of 
formation of cuprous oxide and of sine and silver oxides respectively 
are +44620, and —34910, corresponding with— 
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Volta. | Observed value* of K t . 

Copper*repl&ood by eino =+0 960 I +0-920 to +0-960 
Copper replaced by silver = —0-750 I —0 340 to —0 385 

Whilst with sine, lead, copper, and cadmium, the observed valuos of 
Ky in no ease differ very widely from those equivalent to the differ- 
ences in heat of formation, those observed with silver show large 
differences, indicating as before that silver exhibits a high negative 
valae for its thermo- voltaic constant in each case, vis , —0 5 to —0 6 
in contact with dilute sulphuric acid, and near to —0-4 in contact 
with smmonmcal fluids, this latter valno being close to those found 
previously for silver in contact with central solutions of its sulphate, 
nitrate, and acetate (lor eit ). 

On tho whole, except when an oxidisablo metal is nsod exhibiting 
a high negative valno for its thermo-voltaic constant, the E.M.K of 
a oell containing an aeration plate and an oxidisable metal always 
falls abort, and sometimes largely short, of that eqpivalent to the 
chemical changes going on therein oven unddr the most favourable 
conditions when’ generating only an infinitesimal current, the de- 
ficiency being still more marked whon the current density is not so 
minute : in other words, the nutting operandi of colls of this class is 
such as necessarily to render a largo fraction of the energy non- 
adjuvant" so far as current is conconwd Just the same remarks 
apply, aa far as our experiments have gone, to cells in which tho 
oxidisable substance is in solution, an extreme case of whioh is 
exhibited by cells set up with a solution of sulphurous acid and a sub- 
merged pjatinum foil plate, opposed to an aeration plate of platinum 
sponge on tho surface of dilute sulphuric acid. Such cells give au 
E.M.F. (when generating only extremely small currents) of from O’ 2 
to 0-3 volt, whilst tho heat of oxidation of sulphurous acid solntion, 
S0 g aq,O, is 63634 gram-degrees, according to Julius Thomsen, 
corresponding with 1‘368 volt, or upwards of a volt more than that 
aotually produced.*" Analogons diminutions in E.M.F. are brought 
about in many other cases, to extents depending not only on tho 
nature of the afiration plate hut also on that of the oxidisablo fluid. 

* A large part of the depreciation in tliu ease is due to the feet that sulphurous 
sold solution and platinum constitute tn oxidisable portion of a oell behaving as 
magneahun and aluminium do in cells where they replace sine, giving a much 
Waller B.M P. than that due to the heet corresponding with the chemical change • 
thus, if a oell be set up with sine or dilute sulphuric acid opposed to plstlnum in 
sulphuric oh rondo acid solution, and the line and sulphuric acid be thou replaced 
by platinum and sulphurous acid solution, the K.M F. falls by an amount 
flrester by 0-48 to 0’6 volt than that corresponding with the differences m heat evolu- 
tion between Zn,0,80,eq and SO^q.O (ru , 106o90 - 88684 - 42468 gram-degrees 
“ volt) t and similarly with other oxidising fluids. Solution* of alkaline 
sul(*ites behave similarly. 
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Fftti of Substituting Oxygen for Atr 
In ordor to sec if any material improvement m the ISifF of 
a ration cells could be effected by substituting tolerably pure oxygen 
f r atmospheric au we cairied oat a number of observations with 
plates nndei a boll jar supplied with purified oxygen from a reservoir 
by means of tabes passing through a cork in the narrow mouth 
Readings weie first taken for a few da) s with ordinary air in the jar, 
oxygen was thon admittod and passed through till gradually all air 
was displaced and after a lay or two when the leadings had beoome 
constant another series of readings for some days w off taken The 

oxygen was then displaced by air and another senes taken ancf so on 
alternately several times The following average values were ulti 
mutely obt&inod showing a small though decided increment in 
E M P when atmospheric air was replaced by oxygen 


Increment in F M F in Oxygen 



Cauttie tod a, 

7 ISNajO 100H,0 

Sulphuric amd 
IOHjSO, 10011,0 

Platinum tponge 

Platinum foil 

0 016 

0 088 

0 012 

0 001 

Gold •pong* 

Gold foil 

0 018 

0 088 

0 008 

Palladium opoi ge 

Palladium fall 

0 018 

0 038 

Bilier sponga 

0 016 


8ihror foil 

0 016 


Graphite 

0 016 

0 008 


At ahon Plate e in Contact mth <Otidisable Atmospheres 
Some analogous expenments were made with aeration plates in 
contact with aa oxidisable atmosphere (hydrogen or coal gas), and 
an electrolytio fluid united by means of a siphon with an external 
vessel containing an oxidising solution (alkaline permanganate, 
Rulphnno acid containing chromic acid nitric acid 4c ) in whioh a 
plato of platinum foil was immersed The readings thus obtained 
were nothing like sb cencoidant as tboae above described (probably 
ft >m the difficulty of excluding air completely), showing a tendency 
to rise continually The following readings were obtained after 
several days when the rise had either ceased or greatly slackened m 
most cases little difference was ohsetved whether pure hydrogen or 
t il gns was used 

A Cells set np with 7 l&Na,0,100H,0 in contact with the adraboa 
plates, opposed to platinum foil immersed in a solution of the same 
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strength shaken up with powdered potassium permanganate to 
saturation 

B Cells set up with 10H,SO t 100H S 0 in contact with the aeration 
plates opposed to platinum immersed in the same liquid alter agitation 
with chromic anhydride to saturation 



In making these observations currents were need, the density of 
which in nooaso exceeded 002 micro-ampere per square oentimetn of 
aeration plate surface 

Spongy plat main aud palladium obviously ate far more effective as 
regards the E M F set up than the other plates need the chemical 
notion taking place may be regarded as the decomposition of alkaline 
permanganate into hydrated manganese dioxide caustic potash, and 
oxygen (or of ohiomio anhydride and sulphano acid into chromium 
sulphate, water, and oxygen), and the lombtuatiou of hydrogen with 
theoxjgen thus set free, according to Ihomsen’s values the heat 
developed would accordingly be per lb grams oxygen evolved — 


A lkaline oelli» 
Deoomnooition of 
oxidising agent 4 X 28356 = 9452 
Oxidation of hydrogen = t8db0 

77812 

Corresponding with volts . = l 678 


And mils 


£ X 30407 = 1013b 
6bdbO 

784% 

1688 


Henoe, even with tbo most effective plates, the BMP actually 
generated falls distinctly short of that corresponding with the heat of 
chemical change On making the ennent passing larger by diminish- 
ing the external resistance, the h M F always fell rapidly , so that in 
artUs to obtain a current capable of producing any considerable 
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amount of electrolytic decomposition in a voltameter, it was practi- 
cally impossible to have an acting E M.F. as high as 1 volt, even with 
tolerably large platinum sponge plates. 

Much the same result was obtained on opposing to one another 
two platinum sponge aeration plates, one in an atmosphere of 
hydrogen or ooal-gas, the other in oontact with air; in no case 
coaid any enrront capablo of depositing a few milligrams of silver 
per day be obtained with an E.M F. as great as 1 volt ; t.e., a total 
depreciation of upwards of 0'5 volt was occasioned, or more than 
one- third of tho energy due to the chemical change, vis., oxidation of 
hydrogen to water, representing 68360 gram-degrees, or 1'470 volt. 
The economical production of currents by the direct oxidation of com- 
bustible gases, therefore, does not seem at present to be a problem 
likely to be readily solved. 

The Society then adjourned over Ascension Day to Thursday, 
May 17th. 


Presents, May 3, 1888. 

Observations and-Re ports. 

Barbados: — Report upon the Rainfall of Barbados, and upon its 
Influence nponthe Sngar Crops. 1847-74. Folio. Barbados 
1874. The Meteorological Office, London. 

Calcutta : — Meteorological Office. Indian Meteorological Memoirs. 
Vol. IV. -Parts 2—3. 4 to. Calcutta 1887; Report on the 
Meteorology of India, 1885. 4to. Calcutta 1887. 

The Office. 

Cape Town Meteorological Commission. Reports. 1879, 1881-88. 
Folio. Cape Town 1880-84. 

The Meteorological Office, London. 
Parliament of the Cape of Good Hope. Acts, Session 1887. 
Folio. Cape Town 1887 ; Votes and Proceedings, 1887. 4 vols. 
Folio and 8vo. Cape Town. The'Cape Government. 

Edinburgh* — Scottish Marine Station, Gran ton. General Account 
of the Scientific Work of the Station. 8vo. Edinburgh 1885. 

. The Meteorologioal Office, London. 

Humbnrg: — Deutsche Seewarte. Archiv. Jabrg. III. No. 3. 

4to. Hamburg 1880. The Meteorological Office, London. 
India: — Archeological Survey of India. Report. VoL XXTTT. 
8vo. Calcutta 1887 ; General Index. Vole. I-XXIII. 8vo. 
Calcutta 1887. The Survey. 

Geological Survey of India. Records. Vol. XXL Part I. 
8vo. Calcutta 1888. The Sumy. 
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Observation*, Sto. (continued). 

New York: — Geological Sui-vey of the State of New York. 
Paleontology. Vol. V. Part 1. Vol. VI. 4to. Albany 1885-87. 

The Survey. 

Nioe .— Observatoire. Souvenir de la Confdronce G£ode*ique, 

Seuion 1887. Obi. 4to. M Biachoffgheim. 

Trieste : — Osservatorio Marittimo. Rapporto Annuale. 1885. 4to. 

Triettc 1887. The Obsorvatory. 

Upsala:— Expedition Suddoise au Spetsberg, 1882-83. Comptes 
Rendu. 8vo. U ye ala 1884. 

The Meteorological Office, London. 


Berthelot (M.) Collection des anciens Alchimistes Grecs. Livr. T 
4to. Pan* 1887. Miniature de ITnsfcruetion Publique 

Blanford (H. F.), F R.S, On the Influenco of Indian Fon-stn on tho 
Rainfall. 8vo. Calcutta 1887 Tim Author. 

Boltsmann (L.) Gustav Robert Kiirhhoff: Feat redo. 8vo, Leipzig 
1888. The Anthor. 

Casse) (P.) Miscble Sindbad, Socundus — Syatipae. 8vo. Berlin 
1888. The Author. 

Dawson (G. S ) Notes and Observations on the Kwakiool Poople of 
Vancouver Island. 4to Montreal 1888. The Author. 

Foster (J.) Alumni Oxoniunsus: the Members of the University of 
Oxford, 1715-1886. Vol. I. 8vo. London 1888. 

The Anthor. 

Fourier (J. B. J.) GSuvres. Pubhdes par les going de M Gaston. 
Tome I. 4to. Pari* 1888. M. Harbour. 

Henneeay (H.), F.R.S. On the Distribution of Temperature over Great 
Britain and Ireland. 8vo, Dublin 1888 The Author. 

Hirn (G. A.) Remarques sur un Principe de Physique d’ou part 
M. Clausius dans sa Nouvelle Thdorie deB Moteurs & Vapour. 

* 4to. Barit 1888. The Author 

Jordan (J. B.) The Glycerine Barometer. 8vo. London 1881. 

Tho Author. 

KiSlliker (A.), For Mem. R.S. Ueber die Entstehung des Pigmentes 
in den Oberhautgebilden. 8vo. Wurzburg 1887 ; Ucber die 
Entwioklung der Nagel. 8vo. Wurzburg 1888. The Anthor. 

Lissauer (A.) Die Prahiatorischon DenkniHler der Provins West- 
preusaen und der Angrensenden Gebiete. 4to. Leipzig 1887. 

Naturforschende Gesellsohaft xu Danzig. 

Liveraidge (A.), F.R.S. The Minerals of New Sonth Wales, So. 8m. 
London 1888. The Anthor. 

Mookhtar Pasha (His Exoellency) “ The Garden of Moukhtar " [an 
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Aooount of Ancient Oriental Methods m Astronomy sad Mathe- 
matics, in the Turkish Language] Part 2 Folio [1887] 

E E Ghasi Monkhtar Pasha 
Plantamonr (Ph ) Dee Monvementa P6nodiques dn Sol (9e Annee ) 
8vo Geneva 1887 The Author 

Schiaparelli (GY) Osservasiom Aatronoralche e Fuiohe del Pianeta 
Marte (Mem 8a) 4to Roma 1886 The Author 

Velaohow (FA) The Natural Law of Relation between Rainfall 
and Vegetable Life and its application to Australia 8vo 
London 1888 The Author 

Wardle (T ) Bojal Jubilee Exhibition, Manchester 1887 Desonp- 
tire Catalogue of the Silk Section 8vo Manchester [1888] 

The Author 

Weihrsuoh (K ) Neno Untersnchungen uber die Bessel ache Form el 
und deren Verwendung in der Meceorologie 8vo Dorjntt 1888 
The Author. 


May 17, 1888 

Professor G G STOKES, D C L , President, m the Chair 

The Presents received were laid oo the table, and thanks ordered 
for them 

The following Papere were read — 

I “On the Electromotn e Properties of the Leaf of Dtonaa in 
the Excited and Untxcited btate No II ” By J Burdoa 
S tNDFRbON, M A , M D , P K S , Professor of Physiology in 
the Umvcraty of Oxford Received April 17, 1888 
(Abstract ) 

The author has continued his experimental enquiries, of wbioh trie 
results were communicated to the Royal Society under the same title 
xn 1881 In the introduction to the paper be gives a summary of his 
previous observations, which led to the conclusion that the property, 
by virtue of whioh the excitable structures of the leaf respond to 
stimulation, is of the same nature with that possessed by the similarly- 
endowed structures of animals He then prooeeds to state that the 
main purpose of his subsequent investigations has been to determine 
the relation between two sets of phenomena whioh might, m accord- 
ance with the language commonly used m animal physiology, be 
termed respectively those of the “resting current ” and of the “action 
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currant ” of the leaf, i « , between the electrical properties possessed 
by the leaf when stimulated, and those whioh it displays when at 
rest. Assuming the excitatory response m the leaf to be of the same 
nature as the excitatory variation or “ action current ’ m mtumle and 
nerve, the question has to be answered, whether in the leaf the 
response u a sadden diminution of a previously existing electromotive 
action (according to the pre-existence theory of du Bois-Beymond), 
or the setting np at the moment of stimulation of a now electromotive 
action — in short, whether and in how far the two sets of phenomena 
are interdependent or the contrary 

An observation recorded m his former paper suggested proper 
methods It had been shown that by passing a weak voltaic current 
through the leaf for a short period in a paitioular dnection, its 
electromotive properties could be permanently modified without loss 
of its excitability If it could be shown that the influence of this 
modification extended to both orders of phenomena, those of rest and 
of excitation, and that both underwent corresponding changes of 
character under similar conditions, this would go far to prove that 
an essential relation existed between them 

Acting on this suggestion, the author has had recourse to modes 
of experiment similar to those which have been employed during 
the last few years m the investigation of the newly-dtsoovored 
“secondary electromotive " phenomena of muscle and nerve (see 
‘Oxford Biological Memoirs,’ vol 1, part 2) The details of theso 
experiments, made in 1885, are given in the first three sections of the 
paper They relate te (1) the more immediate effect of the current as 
seen in the records of successive galvanometno observations made at 
regular intervals , (2) the more permanont influence of the current on 
the electromotive properties of the unexcited leaf, and on its electiical 
resistance, and (3} the concomitant modification of its behaviour 
when stimulated 

The general result of these experiments is to show that the two 
orders of phenomena, the excitatory and those which relate to the 
resting state, are so linked togethei that avsry change in the state of 
the leaf when at rest oonditionatea a corresponding change in the 
way in which it reacts to stimulation — the correspondence consist- 
ing m this, that the direction of the response is opposed to that of ths 
previous difference of potential between the opposite surfaces, so that 
as the latter changes from ascending to descending, the former 
changes from descending to ascending 

The author considers that this can only be understood to mean 
that the constantly operative electromotive forces whioh find their 
expression in the persistent difference of potential between the 
opposite surfaces, and those more transitory ones whioh are called 
into momentary existence by touching the sensitive filaments or 
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other modes of stimulation hare the same seat and that the opposi 
fcion betwoen them is in accordance with a principle applicable in 
ooramon to the excitable structures of plants and animals vis that 
the property which render t a ttructure cap Me of undergoing excitatory 
change w expreued by relative poeitmty the condition of ducharge by 
relative r eg timty 

With refeienoe to the mode of action of the voltaic current the 
effect prod iced in the nnexoited leaf is compared with that observed 
in the unexcited eloctnc organ of the ska*e or the torpedo m both of 
which as in the leaf it is observed that although the after effect of a 
cuirent led across the disks or plates is to increase tho difference of 
potential between its two surfaces whichever way tho onrrent is 
directel the effect is muoh greater whou the luection of the external 
current coincides with that of the normal elootiomotive action of the 
organ than in the oj posite oase 

It is further shown that the electromotive changes concerned m 
modification and excitation have their seat at the upper surface 
of the lamina If as the a ithor believes all these changes depend on 
d fference of physiological activity between adjacent excitable cells or 
strata of cells of which the protoplasmic linings are in continuity it 
must bo sup | osed tl at when the k af is at its prune the most super 
flcial strata are positive to those subjacent and that as the former 
lose their pristine susceptibility of oxcitatory change the physio 
logical and consequently the electrical difteienoe betwoen them is 
diminished annnllo 1 oi reversed 

The foui th section of the paper is devote 1 to an investigation made 
in 1887 of the events of the hist second after exoitation made with 
tiio aid of a pendulum rheotome specially adapted for the purpose 
Iho fifth contains the description of the records obtained by photo 
gmphing the electric phenomena of tl o excitatory reaction as ob 
served with tho aid of the capillary elect ometer on rapidly moving 
plates Both of these senes of observations serve to confirm and 
complete the results obtained by othei methods 


II Magnetio Qualities of Nickel ” By J A Ewing, F R S , 
Pioicssor of Rngiueeuqg Umveisity College Dundee, and 
Or C CoWAN Received April 2b, 1888 
(Abstract) 

The expenments described in the paper were made with the view 
of extending to nickel the same lines of enquiry as had been pursued 
by one of the authors in regard to iron ( Phil Trans , 1885, p 523) 
Cyclic processes of magnetuat on were studied, in which a magnetising 



1888.] On the Sourcte of the Nitrogen of Vegetation . 805 

f6roe of about 100 cgs aiute wm applied, removed, reverted, again 
removed, and re applied, for the purpose of determining the form of 
the magnetisation onive, the mignetio susceptibility, the ratio of 
residual to induced magnetism, and the energy dissipated in conae 
qnence of hysteresis in the relation of magnetic induction to magnet 
uung force Curves are given, to show the charm ter of such cycles for 
moke! wire in three conditions tb e original hard drawn state, annealed, 
and hardened by stretching after being annealed The effects of 
these have also been examined (1) by loading and unloading magnet- 
ised nickel wire with weights which produced cyclic venations of 
longitudinal pull, and (2) by magnetising while the wire was sub 
jeoted to a steady pull of greater ot less amount The results 
confirm and extend Sir William Thomson 8 observation that longi 
tudinal pull diminishes magnetism in nickel 11m diminution is 
surprisingly great it occurs with respect to the induced magnetism 
under both large and small magnetic forces and also with reaped to 
residual magnetism The effects of stress are much less complex 
than in iron, and oyelic variations df stress are attended by much less 
hysteresis Curves are given to show the induced and residual mag- 
netism produced by various magnetic forces when the metal was 
maintained in one or other of i ertain assigned statos of stress , also 
the variations of induced and residual magnetism which were caused 
by loading and unloading without alteration of the magnetic held 
Values of the initial magnetio susceptibility, for very feeble magnet 
iBing forces, are stated, and are compared with the values determined 
by Lord Rayleigh for iron and thi relation of the initial susceptibility 
to the stress present is investigated The paper eonsists mainly of 
diagrams in whmh the result* are graphically exhibited by moans of 
ourves 


III “ On the present Position of tbo Question of the Sources of 
the Nitiogen of Vegetation, with some new R< suits, and 
piehmin&ry Notice oi new Lines of Investigation ’ By 
bir J JB JLawes, FJLS, and J H Gilbert, MA, LLD, 
FAS, Sibthorpian Proiessor of Ituial Economy in the 
University of Oxford Received, Part J, July 20, 1887. 
Parts II and III, May 8, 1888 

[For Preliminary Notioe of tbu Paper tee to! 48, p 108 ] 
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IV. “On the Rhythm of the Mammalian Heart.” By J. A* 
Me William, M.D., Professor of the Institutes of Medicine 
in the University of Aberdeen. Communicated by Pro- 
fessor M. Foster, Sec. R.S. Received April 26, 1888. 

The following are some of the general oonoloaions arrived at from a 
prolonged investigation of the rhythm of the mammalian heart. The 
experiments were conducted on the oat, dog, rabbit, rat, hedgehog, and 
gnmea-pig, the oat being the animal most oommonly used. The 
animals were anosthetiaed, artificial respiration was kept up, the 
thorax was laid open, and the action of the heart was recorded by 
various adaptations of the graphio method r — 

1. Minimal stimulation o t the quiescent cardiac muscle is at the 
same tame maximal ; a stimulus which- u strong; enough to excite con- 
traction at all excites a maximal contraction. The strength of an 
artificially excited beat does not depend on the strength of the 
stimulus; it is equally strong with maximal and minimal excitation. 
I have tested tins point in various ways > — 

(1.) On the excised heart which has oeasad contracting spon- 
taneously, but is Still quite capable of being artificially exoited to 
beat. 

(2.) On the intact heart reduced- to a state of quieeoenoe by vagus 
stimulation. 

(3.) On intact hearts which beat slowly in consequence of oooling 
and other circumstances ; the stimulations were applied during the 
qmesoent period intervening between two spontaneous contraction*. 

2. The condition of fibrillar contraction or hoart-delirium induced 
in the ventricles of excitable hearts by the application of interrupted 
currents and other means can be recovered from even after long 
periods (three-qnarters of an honr, Ac.) under the oombined influence 
of artificial respiration, rhythmical compression of the ventricles, and 
the administration of pilooarpin. 

When the exaitability of the cardiac muscle has been much depressed 
(by pilooarpin, certain phases of exhaustion, Ac.), the application of 
interrupted currents does not induce fibrillar contraction, bat merely a 
series of rhythmic boats in the case of a quiescent organ, or au accelera- 
tion of the rhythm already present in a heart which is beating spon- 
taneously. 

3. The spontaneous rhythmio power possessed by the terminal parts 
of the great veins, the auricles, and tho ventricles, seems, is some con- 
dition* at least, to be myogenic. 

A In the intact heart the auricles and ventricles do not beat in 
virtue of their own independent rhythmio power, but in obedienoe to 
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impulses reaching them from the terminal or ° ostial ” parts of tha 
great reins. For though both an Holes and ventricles possess an 
inherent rhythmic tendency, the ostial parts of the great veins possess 
a higher power of spontaneous rhythm, and henoe dominate the 
rhythm of the whole heart. The rapidly recurring contractions 
arising is the ostial regions are propagated over the whole organ ; the 
more rapid rhythm of the ostial parts supersedes and renders latent 
the less rapid inherent rhythm of the auncles and ventricles. In 
support of this view there oan be adduced fti&ny facts. Among 
others — 

(1.) The independent rhythm of the anriolBs and vontrioles appears 
to be doeidedly slswer than that of the terminal or ostial parts of the 
veins. 

(2.) Slight heating sf the ostial part of a great vein (e g., the 
termination of the vena cava superior) causes a marked acceleration 
in the rhythm of the whole heart, while a similar heating of the 
ventricular wall causes very little change, or (more commonly) none 
at all 

Weak faradie and galvanio currents induce similar result* in this 
respect. 

(8.) In the dying heart the power ef spontaneous rhythmic con- 
traction survives longest in the ostial parts of the veins This is 
analogous to what obtains in the hearts of cold-blooded animals, where 
the greatest vitality is exhibited by the inm venosus, the part pos- 
sessed of the highest spoataneens rhythm, the leading or dominant 
part of the organ. 

5. The normal sequence of the ventrioalar contraction upon the 
auricular contraction in the intact heart is essentially determined by 
nervous influences. It is not dependent on — 

(1.) The distension of the ventricles with blood pumped in from 
the auricles. 

(2.) The mechanical relations normally ebtaining between the 
annolea and ventricles through the medium of the anricnlo-ventricnlMf 
valves and the chords tendmes ; or 

(3.) The oocarranoo of an electrical change (current of notion) in 
the auricular muscle ae one of the phenomena of its contraction. 

6. The nervous influence determining the ventrioalar sequence is 
probably of an intermittent character. 

7. The propagation of the contraction wt/hta the walls of the 
auricles and ventricles is not dependent on tfie action of the nerves 
lying near the snrihoe of these parts. 

The contraction continues to be propagated quite well when the 
•urfaoe («.</., of the ventricles) has been washed with strong 
ammonia. 

8. In the auricles at least, the ordinary beat Is not the result of a 
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simaltaneons motor discharge from a nerve centre to all the muscular 
fibres the contraction is, on the other hand, ft progressive process 
passing over the annonlar wells in a wave like fashion 

9 A reversal of the normal sequence of the heart's contraction can 
be induced and kept np for a oonsideiable time by applying to the 
ventricles a senes of single stimulations (e g , induction shocks) at a 
rate somewhat more rapid than that of the spontaneous rhythm of the 
organ 


V “Inhibition of the Mammalian Heart’ By JOHN A 
Mc\\ ILLIAM, MD, Piofessoi of the Institutes of Medicine 
in the Umveisity of Aberdeen Communicated by Pro* 
feasor M Foster, Sec R S Received May 8, 18i>8 

The following conclusions are based upon a long senes of czpeti 
mente pei formed upon the cat, dog, rabbit, rat hedgehog, and guinea- 
pig, the cat being tho animal commonly used The animals were 
anesthetized, usually with chloroform artificial respiration was kept 
up , the thorax and often the pericardial sac were laid open, and the 
iction of the heart was examined with the aid of the graphic 
method 

bcctun of tho Vagi 

The results of section of both vagi vary according to the conditions 
obtaining ut the time tho nerves are cut — according to the amount of 
controlling influence exorcised by the mednllary cardio inhibitory 
centre upon the heart When the cardio-inhibitory centre is inaotive, 
section of the vagi causes no appreciable change in the heart’s action 
On the other hand Bection of the nerves at a> time when the con- 
trolling influence of the medullary centre is noting to a decided extent, 
is followed by very pronounced results — by an increase not only in 
the rate of the cardiac beat, bat also in the contraction force of both 
the auricles and the ventricles There is a marked augmentation in 
the strength of the beats , the change in the energy of the annonlar 
contractions is usually more extensive than that occurring in the ease 
of the ventncles 


Stimulation of the Vague Nerve 

The latent period of vagus stimulation vanes remarkably in different 
conditions , there is often a period of many seconds before the heart 
stands still 

When the vagus nerve is stimulated so as to time the heart, it it 
asnalty seen that the inhibitory influenoe is not of maximal intensity 
»t its first manifestation, but goes on increasing for some tune 
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Effect! of Vagus Stimulation on the Auricle s. 

1. The vagus appears as a rule to influence the aurioles more . 
readily and more powerfully than the ventricles. 

2. Vague stimulation leads to a slowing or an arrest of the rhythmic 
beat, and a very marked weakening of the contraction force. 

The recommencing auricular beats that occur when the period of 
inhibition is passing away are very weak ; and any contractions 
excited by direct stimulation (e.g., with induction shocks) during the 
period of standstill are strikingly enfeebled. 

3. Vagus stimulation causes a pronounced depression of the excita- 
bility of the auricular tissue to direct stimulation. 

Daring the period of inhibition resulting from vagus stimulation it 
is much more difficult than usual to excite an auricular boat by direct 
excitation ; a much stronger stimulus is necessary to elicit any con- 
traction at all. 

4. The tone of the auricular muscle appears to be markedly dimi- 
nished. 

f>. These results occur when the vagus is stimulated, oven when the 
superior and inferior von® cav® have been olamped, so that the 
cavities of the heart are no longer filled with blood. 

6. The vagus nerve seems to exert a powerful influence of a more 
or less direct nature on the muscle itself, not merely by inhibiting or 
weakening the motor impulses which are commonly assumed to pass 
from nerve centres in the heart to. the muscular fibres. For if it were 
true that the vagus acted simply by depressing tho motor centres of 
the heart, it is very diflioult to conceive how the responsiveness of the 
auricular muscle to direct stimuli should be so greatly diminished, 
and how the contraction force should be so strikingly reduced when 
the auricular muscle is made to contract by induction shocks applied 
to the auricular tisane. 

It would seem that whatever changes the vagus may induce in the 
nerve-oells and ganglia occurring plentifully in the auricles, it can 
also exert an important influence on the contractile tissue itself. 

7. Upomthe whole, the influence of the vagus nerve upon the mam- 
malian auricles presents a close parallelism, to what holds good in the 
auricles of many cold-blooded animals. 

Effect i of Vagus Stimulation on the Ventricles. 

Besides causing slowness or standstill,. the vagus can cause other 
important changes in the ventricular part of the heart. 

1. The contraction force is markedly diminished. When a period of 
standstill has ended, the recommencing beats are usually weak ; and 
beats excited by direct stimulation («.?<, single induction shocks) 
dating the period of standstill are of diminished sue. 
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When vagns stimulation does not oause complete standstill, hut 
only a marked slowing, the strength of the slow ventricular beats is 
usually much leu than the normal. 

The rednotion in contraction force does not bear any constant rela- 
tion to the degree of slowing. While oil tho slow beats are weakened tit 
tome degree, a beat occurring after a long panse is somehmes decidedly 
strovqer than one oocnrring after a shorter pans# ; on the other hand, 
the converse more often holds good — a heat occurring after a long 
panse is weaker than a beat occurring after a shorter panse. 

Tho depression of contraction foroo doos not appear to depend on 
over-distension of the ventricles during the slowing or standstill j nor 
upon tho fall of arterial pressure that occurs and involves a dimi- 
nished resistance to the ventricular systole and a change in the ooro- 
nary circulation 

The foroe-depressing effects of vagus stimulation can still he seen 

(1) when tho superior and inferior vense oavea have been clamped ; or 

(2) when the pulmonary artery or (3) the aorta has been damped ; or 
(4) when all these vessels have been damped before the vagus stimu- 
lation 

2 When slowing or arrest of the ventrionlar action occurs as a 
result of vagus stimulation, there is a marked change in the shape and 
duration of the ventricular curves ; the degree of change stands in 
dose relation to tho length of the pause preceding each beat. The 
carves become broader near the top, and their duration is increased. 
The longer the interval preceding a curve the broader the curve is, 
and the more markedly is it prolonged These features are not 
sbolished when the superior and inferior vense eavm have been damped 
before the vagus stimulation ; nor when the aorta or the pulmonary 
tcfiorj, or all these vessels, have been clamped. 

3. The vagus appears to inhibit the spontaneous rhythmio tendency 
inherent in the ventricles , the ventricular standstill does not appear 
to be due simply to the standstill of the rest of the heart. 

4 At the same time the absence of auricular beats of any consider- 
able strength is usually a necessary condition for the occurrence of a 
protracted ventrieular standstill. It commonly but not invariably 
happens that if the auricles are artificially excited to contract during 
the period of cardiac standstill, the ventricles beat also in sequence to 
the artificially excited annoular contraction. 

6. When the heart begins to beat after a period of inhibition, the 
order of contraction most commonly seen is that which obtains 
normally — ostial parts of the great veins ; auricles ; ventricles. Bat 
sometimos the ventricles reoommenre, and give one or more beats 
before any contraction occurs in the other parts of the heart. 

6. There are sometimes seen evidences of the oc c urrenoe under 
vagus influence of a block in the propagation of the contraction from 
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auricles to yentriclea. At certain phases of vagus stimulation the 
ventricles often fail to respond to aurionlar beats, while at the same 
time there is evidence to show that this is due not to a depression of 
the ventricular excitability, but to a break in the transmission of the 
contraction from the auricles. 

7. The maximum intensity of tho inhibitory influence exerted by 
vagus stimulation often obtains at the same time in* the auricles and 
the ventricles. But frequently the auricles become greatly depressed, 
while the ventricular beats are of andiminishod sue, or are only 
beginning to be affected ; in rare cases the ventricular contraction 
force booomes reduced more suddenly than tho auricular. 

8. The effects of vagus stimulation on the ventricles may he in 
some measure counteracted by the application to the ventnculai surface 
of a series of stimulations (e.g , single induction shocks) at about the 
normal rate of the heart’s action. An artificially excited scries of 
beats is thus caused ; these beats givo curvos of approximately normal 
form and duration, and they are much stronger than any slowly occur- 
ring spontaneous beats that appear after the standstill hna lasted for 
some time ; thoy are also mnoli stronger than mugle heats excited (by 
induction shocks) at long intervals daring the standstill. The beats of 
the artificially excited aeries (at normal rate) are still dccidodly 
weaker than normal beats. 


On the Existence of a Local “ Inhibitory Area ” in the Heart. 

By stimulation of a certain looality on the dorsal aspect of- tho 
auricular surface, certain striking effects are obtained. In tho cat and 
dog the area in question is elongated in shapo, and is situated over 
the inter-aunoular septum, its long axis iunning parallel with the 
plane of the septnm. It extends downwards to within a short distance 
of the coronary sinus. At the right sido of the area lies the tormina^ 
tion of the vena cava inferior. 

Many nerves course downwards through this region ; there are also 
numerous nerve-oells and ganglia. Theso, however, aro not confined 
to the area in question, bat occur in considerable number ovor the 
dorsal aspect of the left ventricle, especially in its soptal half. The 
nerves appear to be derived to a considerable extent from the left 
vagus. The majority of the fibres are nou-modullated, but medullated 
fibres are also present (oat), Ganglia occur in special abundance 
near the aurioulo-ventricular groove. 

Stimulation of this area with au interrupted current gives results 
that stand out in sharp contrast to those obtained by stimulating 
other parts of the auricular wall, e.g., the appendix. Stimulation of 
the latter causes an acceleration of both aurioles and ventricles. The 
auricle* contract with great rapidity, so that they present a peculiar 
vol. ruv. q 
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flattering appearance ; the ventricles beat muoh more rapidly than 
before, though they do not keep pace with the anrioles. 

On the other hand, etimnlation of the inhibitory area, while it 
cause* a rapid fluttering action of the anrioles, induces either a very 
marked slowing, or a complete standstill in the ventricles. This 
result is a mixed one — ventricular inhibition, resulting from stimula- 
tion of certain structures in the inhibitory area, and anrienlar accelera- 
tion, in all probability due to an escape of the stimulating current to 
the exoitablo auricular tissue. 

Tho inhibitory effects on the ventricle mnch resemble those 
caused by vagus stimulation There is depression of the ventricular 
contraction force, and changes in the shape and duration of tho ven- 
tricular curves Biimlar to those occurring under vagus influence. 
Stimulation of the inhibitory area and of tho vagus are both rendered 
ineffective by the administration of atropine. 

But there are certain points of difference : — 

(1.) Tho strength of current necessary to inhibit the ventricles is 
very much less whon the current is applied to tho inhibitory area 
than whon it is applied to the vagus. 

(2.) Stimulation of the inhibitory area remains effective in arrest- 
ing the ventricular action, after curare has been administered in such 
amount as to causo stimulation of one or both vagi in the neck to be 
entirely without inhibitory result. 

(8.) In many instances when the vagi have become exhausted, or 
have lost their inhibitory power from less definite causes, tho inhibitory 
area remains effective. 

It seomH clear from the very different relation borne by the inhibi- 
tory area to certain poisons, to the strength of stimulating current 
necessary, to exhaustion, Ac , that in exciting this area we are dealing 
with structures of a more or less speoial nature, differing markedly 
in their character from the ordinary inhibitory fibres running in the 
trunks of the vagus nerves, 

The important structures of the inhibitory area are situated super- 
ficially; they may be readily paralysed by tho application of a few 
drops of a 4 per oent. solution of oocaine hydroohlorate, or of strong 
ammonia. 

The region in question does not contain a motor centre for the 
heart muscle. Destruction of this area does not arrest the spontaneous 
rhythm of the organ (which indeed originates in parts some distance 
removed from the inhibitory area, vis., in the ostial parts of the great 
veins, especially the vena cava superior and the pulmonary veins). 
Nor is the propagation of the contraction from one part of the heart 
to another in any way deranged or interfered with. 

The inhibitory area probably contains structures to which many at 
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least of the inhibitory fibres of the vagus go, there to come into 
intimate relation with the cardiac mechanism. 

Effect of Stimulation of Ostial Farts of Cheat Vmw in certain Abnormal 
Conditions 

At certain stages of the process of asphyxia, and in tho dying heart, 
there is often seen a very romarknblo alteration in tho behaviour of 
the ostial parts of the groat veins towards direct stimulation with 
interrupted currents. In snch circumstances, an inhibition of the 
spontaneous rhythmic action of these parts may often be seen as a 
result of direct stimulation, whereas in the normal state snch a stimu- 
lation is productive of immediate and striking acceleration. 


VI. “ On the Structure of tho Electric Organ of Rain rimilaris." 
By J. C. Ewabt, M.D., Regius Professor of Natural History, 
University of Edinburgh. Communicated by Professor J. 
Burdon Sanderson, F.R.S. Received April 30, 1888. 

(Abstract.) 

This paper gives an account of the structure of tho cup-shaped 
bodies, which, as mentioned in a previous paper read 26th Apnl, 
1888, make np the electric organs of certain members of the skate 
family. Tho structure of these electric cups lms been already 
studied in three species of skato, vis. s Jlaia fullonia, B. radiata, 
and B. drcularis. The present paper only deals with the electric 
organ of jR. drcularis It shows that tho enpa in this species 
are large, well-defined bodies, each resembling somowhat the cup of 
the familiar “cup and ball.” Tho cup proper, like the disks of 
B. batis, consists of three distinct layers, (1) the lining, which is 
almost identical with the electno plate of B. batis, (2) a thick 
median striated layer , and (3) an outer or cortical layer. Tho lining 
or electric plate is inseparably connected with the terminal branches 
of the numerous nerve-fibres, whioh, entering by the wide mouth in 
front, all bat fill the entire cavity of the cup, and ramify over its 
inner surfaoe, the intervening spaces being oocupied by gelatinous 
tissue. This electric layer, which is richly nucleated, presents nearly 
as large a surface for the terminations of the elec trio nerves as the 
cleotrio plate whioh covers the disk in B. batis and B. elavata. The 
striated layer, as in JR. batis, consists of numerous lamellae, which 
have an extremely contorted appearance, but it differs from tho cor- 
responding layer in B. batis, in retaining a few corpuscles. The 
cortical layer very decidedly differs in appearance from the alveolar 
layer in B. batis. It ie of considerable thickness, contains largo nnolei, 



214 Mr. C. Chree. [May 17, 

and sometimes has short blent processes projecting from its outer 
surface. Those short processes apparently correspond to the long 
complex projections which in B. batit give rise to an irregular net- 
work, and they seem to indicate that the cortical layor of R. circularit 
essentially agrees with the alvoolar layer of X. batit, differing chiefly 
in the amount of complexity Surrounding the cortex thero is a 
thin layer of gelatinous tissue in which capillarios ramify. This 
tissno ovidenlly represents tho thick gelatmons cushion which lies 
behind the disk m It batit, and fills up the alveoli 

Tho stem of the enp is usually, if not always, longer than tho 
diameter of tho cup It consists of a core of altered innscnlar sub- 
stance, which is surrounded by a thick lnyor of nucleated protoplasm 
continuous with the cortical lnyor of the cup, and apparently also 
identical with it. 

Tho cups ore arranged in oblique rows to form a long, slightly- 
flattened spindle, which occupies the posterior two-thirds of the tail, 
being in a skate Treasuring 27 inches from tip to tip, slightly over 
8 inches in longili, and nearly a quarter of an inoh in width at the 
Widest cent ml portion, but only about 2 linos in thickness 

The posterior three-fiftlis of tho organ lies immediately beneath 
the skill, and has m contact with its outer surface the nerve of the 
lateral lmo. The anterior two-fifths is surrounded by fibres of the 
outer caudal muscles It is pointed out that while the organ in 
B ciroularis is larger than m B radiata, it is relatively very much 
smaller than tho organ of It batit. 


vri. “ On yEolotropie Elastic Solids.” By C. Cheek, M.A., Fellow 
of King’s College, Cambridge. Communicated by Professor 
J. J. Thomson, F.R.S. Received May 1, 1888. 

(Abstract.) 

This paper treats of elastic solids of various non-isotropio kinds. 
Its object is to obtain solutions of the internal equations in ascending 
integral powers of the variables, and apply them to problems of a 
practical kind, some of them already solved, but in an entirely 
different way, by Saint-Tenant. 

On the multi-oonstant theory of elasticity the equations connecting 
the strains and stresses contain 21 constants. As shown by Saint- 
Tenant these reduce for one-plane symmotry to 13, for three-plane 
symmetry to 9, and for symmetry round an axis perpendicular to a 
plane of symmetry to 5. 

Part I of this paper deals with one-plane symmetry. A solution is 
obtained of the internal equations of equilibrium complete so far as 



215 


1888.] On JSolotiopu ElatUc Solvit. 

it goes It is employed m solving the problem, already treated by 
Samt Venant, of a beam, whose length is perpendicular to the plane 
of symmetry, held at ono end, and at the othor acted on by a system 
of forces, whose resultant consists of a single force along tho axis of 
the beam, and of n conplo about any lino in the teiminal section 
through its centroid The cross section may be any whatever, 
including tho raeo of a hollow beam piovided it be unif< rm through- 
out lhe caso when tho cioss section is elliptical and the beam 
exposed to equilibrating torsional couples ovci its ends is alsotieated 
Results aro obtained cc nfirmatory of Samt Vonant s They are also 
extended to tho case of a composite oylindtr f turned of shells of 
different materials whoso croBS sections arc bounded by conoentne 
similai and similarly situated ellipses the law of vai l&tion being the 
same for all the elastic constants of the solution Tho limiting case 
of a continuously varying structure is deduced 

It is found when a beam is exposed to terminal traction whether 
uniform or not that tho strun c insists in putt of a shear m the plane 
of the cross section which is proportion il to tho ti action and the 
position of tho lines in tho cross section, which bung ingnully at 
right angles remain so is determined Ihese lines an callid y rwictpal 
azei of traction If there are m addition two plants of symmetry 
through tho axis of the beam, thi se j nuetp il are* are the mtersoc 
tions of the planes of symmotiy with tho cioss section 

When a beam of oircular section is exposed to toiBion it is proved 
that warping will ensue proportional to the mmient of the twisting 
couple Only two diamoters m tho oross section, and those mutually 
at nght angles, remain perpendioular to the oxib of the beam These 
are called principal own of t mon If w denote displacement paiallel 
to the axis of the beam and i <p denote tho undisturbed polar to ordi- 
nates of a point m the cioss section, referred to its etutro as 
origin, and one of these oxbb as initial line the law of warping is 
given by— 


There is in general no connexion between tho positions of tho prin- 
cipal axes of traction and of torsion as the expressions giving their 
inclination to the axes of co oidmates contain wholly different elastic 
constants , but for three plane symmetry of the kind already men- 
tioned they oommde When the material is symmetrical round the 
axis of the beam the shear and the warping of coarse aie found to 
vanish It is pointed out how by means of these various properties 
the nature of the material may bo investigated experimentally 

Part II treats of a material symmetrical round an axis, that of s, 
and having the perpendicular plane one of symmetry A general 
solution of the internal equations of equilibrium is obtained, sup. 
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posing no bodily forces to act. The solution involves arbitrary con- 
stants, and consist* of a series of parts, each composed of a series of 
terms involving bomogeneons products of the variables, such as 
of y* s« _,_ * where l, m, n are integers, and n is greater than 3. The 
case n = 7 is worked out numerically as an illustration. The terms 
involving powers of the variables, the sam of whose indices is less 
than 4, are then obtained by a more elemontary process, and these 
alone are requirod in the applications which follow. These terms 
arrange themselves in groups associated with certain constants in the 
expression found for the dilatation. 

The first application of the solution is to “ Saint-Tenant's problem " 
for a beam of elliptical oross-section. The problem is worked out 
without introducing any assumptions, and a solution obtained, which 
is thus directly proved to bo the only solution possible if powera of 
the variables above the third be noglected. Certain groups of 
associated constants vanish completely, and the remaining arbitrary 
constants express themselves very simply in terms of the terminal 
forceH, all tho constants of one gronp depending on one only of the 
components of the system of forces. 

Part III consists of an application of the second portion of the 
solution of Part II to the ease of a spheroid, oblato or prolate, and 
of any eccentricity, rotating with uniform angular velocity round 
its axis of symmetry, o*, which is also tho axis of symmetry of the 
material. The surfaoe of the spheroid is supposed free of all foroes. 

The terms depending on two only of the groups of associated con- 
stants suffice, along with a particular solution on account of tho 
existence of what is equivalent to the occurrence of bodily foi’ces, to 
satisfy all the conditions of the problom, and the btrains are (Jpter- 
mined explicitly. 

The limiting form of the solution when tho polar axis of the 
spheroid is supposed to diminish indefinitely, while the equatorial 
remains unchanged, is applied to the case of a thin circular disk 
rotating freely about a perpendicular to its piano through its oentre. 
Tho solution so obtaiuod is shown to satisfy all the conditions required 
for the circular disk, except that it brings in small tangential surface 
stresses depending on terms of the order of tho thickness of the disk. 
Aooording to this solution the disk increase** in radius, and diminishes 
everywhere in thickness, especially near the axis, so as to become 
biconcave. All, originally plane, sections parallel to the faoes become 
very approximately paraboloids of revolution, the latns rectum of 
each varying inversely as the square of the angular velooity into the 
original distance of the section considered from the central section. 

Again, by supposing the ratio of tho polar to the equatorial 
diameter of tho spheroid to become very great, a surface is obtained 
which near the central plane, i a 0,of the spheroid differs very little 
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from that of a tight circular cylinder The corresponding form of 
the eolation obtained for the spheroid, when the ratio of the polar to 
the equatorial diameter becomes infinite may thus be expected to 
apply vety approximately to the portions of a rotating cylinder not 
too near the ends, and thns for a long thin cylinder to be for all 
practical purposes satisfactory This is veriflel directly, and it is 
shown that this solntion is in all respects as approximately true as 
that nmversally accepted for Saint Venant a problem According to 
the solntion the cylinder shortens and every cross section increases 
m radius but remains plane The shortening an 1 tho increase in the 
radius are, of coarse, proportional to the square of the angular 
velocity 

Part IV treats of the longitudinal vibrations of a bar of uniform 
circnlai section and of matt ml the same as in Patt II Assuming 
strains of tho form — 


radial = r yjr(r) con(pg — «) cifci/ 
longitudinal = Bin(ps— •) cos It 

is found m terms of ^(r) by means of the equations established 
m Pait II hrom those equations is deduced a differential equation 
of the fouith order foi Y'OOi and for this a solution is obtained con 
taming only positivo mtegial oven powers of r A rotation exists 
determining all the constants of tho solution in terms of tho go 
efficients and a, of fi and J a In applying this solution to thi 
problem mentioned, terms containing powers of r abovo tho fourth 
are neglected, and it is shown to what extent the i emits obtained an 
approximate 

On the carved surface the two conditions that tbo normal and 
tangential stresses must vanish detununi a in turns of a and lead 
to the following rtlation between 1 and p — 

k «p(“)V-ip*V} 

Here p denotes the density and a the radius of the biatn while M 
is Youngs modulus and a the latao ot lateial confa action to longi 
tudinal expansion for teimmal ti action This agiecs with a result 
obtained by Lord Rayleigh* on a special hypothesis 

Proceeding to the terminal conditions it is shown how p is deter- 
mined from the conditions as to the longitudinal motion at the ends 
being either quite fioo or entuely non existent bincc Op depends 
only on the amphtndo of the vibrations we are left with no arbitraty 
constant undetermined If tho bw be so “ fixed ’ at its ends, that 
(he Tadial motion is nnobstrnoted, this leads to no difficulty, bat if an 
* Theory of Sound, voL 1 5 157 
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end be “free” a difficulty arise*. At such an end tbe solution 
requires tbo existence of a radial stress U « (2t + 1)* r (o» — r*)/P, 
where i is an integer depending on the number of the harmonic of the 
fundamental note and 1 denotes the length of the bar. The value 
given above for k thus answers to a problem differing to a certain 
extent from that occurring in nature in the case either of “ fixed- 
free ” or of “ free-free ” vibrations. There will thus be a difference 
in thoao cases between the results of experiment and those of the 
aooepted theory, even as amonded by Lord Rayleigh This divergence 
will increase rapidly with the order of the harmonic, and though very 
small for a long thin bar will increase rapidly as the ratio of the 
diameter to tbo length is increased. Since m dealing with the condi- 
tions at the curvod surface, terms of the order (a/f) J were neglected, 
the same remarks apply, though to a smaller extent, in the case of the 
“ fixod-fixod " vibrations. 

From the values of « and w, which are obtainod explicitly, it is 
shown that the hypothesis made by Lord Rayleigh is true as a first, 
and only as a first, approximation. 

The Society adjourned over the Whitsuntide Recess to Thursday, 
May 31st 

Presents, May 17, 1888. 
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London Collego of Stato Medicino. Calendar. 1888. 8vo. Aon. 
don. The College. 

Entomological Society. Transactions 1888. Part 1 8vo. London. 

The Society. 

Institution of Mechanical Enginoors. Proceedings. 1888. No. 1. 

8to. London. The Institution. 

Royal Asiatic Society. Journal. Vol. XX Part 2 8vo London 
1888. Tho Society. 

Royal Institute of British Architects. Journal of Proceedings. 

Vol. IV. No. 13. 4to. London 1888. Tho Institute. 

Royal Statistical Society. List of Fellows, Rules, &c 1888. 8vo. 

London. Tho Society. 

Society of Biblical Archaeology. Proceedings. Vol X. Parts 
6-6 8vo. London 1888. Tho Society. 

New York: — Academy of Sciences. Transactions. Vol, VI. 8vo. 

New York [1888]. The Academy. 

Palermo Circolo Matomatico. Rondioonti Tomo I Tomo IT. 

Faso. 1-2 8vo. Palermo 1887-8. The Ciroolo. 

Paris: — Rocidtd d’Enconrngement ponr l’lnduatrio Nationalo. 

Annuaire. 1888. 12mo. Paris. Tho Society. 

Penzance — Royal Geological Society of Cornwall. Transactions. 

Vol. XI. Part 2. 8vo Pentanes [1888]. The Society, 

Pisa: — Societi Toscana di Scionzo Natumli. Proccssi Verbali. 
Vol VI. 8vo [Pisa] 1888 Tho Society. 

Journals. 

Astronomischo Nachrichten. Bd. CXVIII. 4to. Kiel 1888. 

Tlie Editor. 

Bnllettino di Bibliografia e di Storia della Soienze Matematiche e 
Fisiche. Maggio, 1887. 4to. Eotna. 

• The Princo Boncompagni. 

Horological Journal (The) Vol. XXX. Nos. 366-56. 8vo London 
1888. The British Horological Institute. 

Journal of Comparative Medicine and Surgery. Vol. TX. No. 2. 

8vo. New York 1888. The Editors. 

Medioo- Legal Journal (The) Vol. V. No. 3. 8vo. New York 1887. 

The Editor. 

Mittheilungen aus der Zoologischen Station zu Noapel. Bd VIII. 

Heft 1. 8vo. Berlin 1888. Dr. Dohrn. 

Revirta do Ohservatorio. Anno HI. Num. 3. 8vo. Rio da Janeiro 
1888. Imperial Observatory, Rio de Janeiro. 
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Rone M&Uco-Pharmaoeutique. Ann6e 1. Noe. 1-8. 4to. Chm~ 
stantinople 1888. The Editors 

Symons’s Monthly Meteorological Magazine. December, 1886. 8vo. 
London. Mr. G. J. Symons, F.B.S. 


Three Antograph Letters of Sir Joseph Banks, P.R.S. 

Mr. J. W. L. Glaieher, F.B.S. 


May 28, 1888 

Professor G G. STOKES, D.O.L., President, in the Chair. 

The Crooman Lecture — “ Ueber die Entstehnng der Vitalen 
Bewcgnng ” — was delivered by Professor W. Kuhne, of Heidelberg, 
in the Theatre of the Royal Institution. 

[Publication deferred.] 


May 31, 1888. 

Professor G. G STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on tho table, and thanks ordered 
for them. 

Mr. Geoi-ge King (elected 1887) was admitted into the Society. 

Pursuant to notice, Professors Edmond Bccquerol, Hermann Kopp, 
Ednard F W. Pflugor, and Julius Sachs were balloted for and elected 
Foreign Members of the Society. 

The following Papers were read : l — 

I. “ On the Effect of Occluded Gases on tho Thermo-electric 
Properties of Bodies, and on their Resistances ; also on the 
Thormo-electrio and other Properties of Graphito and Car- 
bon.” By James Monckman, D.Sc. Communicated by Pro- 
fessor J. J. Thomson, F.R.S. Received May 1, 1888. 

“ Le Roux has shown that when a notch is filed into a wire and 
one side heated there is in general a thermo-electric current. He also 
found that when two wires of the same metal, with flat ends, are 
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pressed together, so that one forms a continuation of the other, and 
the wire on one side of the junction is heated, no current is obtained, 
but he observed a current in all cases whore there was dyggjmmetry.” 
When repeating these experiments, I was lod to commence a research 
on the effect of occluded gas by the following curious phenomenon. 
Two pieces of platinum wire of 0 9 mm. section, Mid of 925 mm. length, 
wore stretched with weights only just heavy enough to keep them 
straight. They were placed at right angles to each other, the centres 
being in contact, and the ends bending down into mercury cups (see 
fig. 1). Each wire after being carefully annealed was joined up to a 


yi9. i. 



galvanometer, and the absenco of currents from strain proved by 
heating with a Bmall flame. When both wires were found to be 
perfectly free, they were brought together in the middle, and one end 
of each connected with the galvanometer. On heating the wires near 
the point of contact thermo-electric currents woro produced, but after 
heating the junction of the wires to a bright red for a little time and 
allowing it to cool, the currents produced by beating tho wires on 
eithor side wero opposite in direction to those produced before. A fter 
resting from Saturday until Monday the change in tho wires, produced 
by heating tho point of contact, was found to havo disappeared, and 
tho currents produced by heating the wires to be the wntie as at 
first. 

This naturally suggesting that some kind of temporary change took 
place in the wire, when heated in a Bunson lamp, and that this might 
possibly be produced by the gas absorbed by the platinum at a high 
temperature, I was induced to commence a sene# of experiments on 
the effect of oocluded gases on the electrical properties of bodies. 
A piece of platinum wire about 18 inches long was bent in the 
middle, and one-half protected by being covered with glass tube and 
made water-tight at the lower end. After annealing the free portion 
and testing until perfectly free from all strain effects, it was placed, 
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Fie. a. 



tip to about the middle, in acidulated water, and made tho negative 
pole of a battery, and hydrogen liberated upon it for a few minutes. 
After being dried it was tested with a small flame at distances of 
1 cm. along its whole length. Tho result was a current from the 
free wire towards that part on which hydrogen had been produced, 
greatest at tho junction of the free wire and the saturated 
wire 

H giro -Biro 

The deflections were 0. 0. 0 7 . 10. lcT 7. 4. 1. 0. 

Another experiment gave. . 0. 0. 5. 5. 5. 8. 8. 5 5. 0. 0 0, 

When wires of palladium were used more powerful effects of the 
same kind were producod Thus when two wires wore used as tbs 
electrodes in decomposing acidulated wator, dried and gently heated 
in contact, a current towards the hydrogen was observed. If heated 
by a Bunsen flame complications arose from tho hydrogen in the wire 
taking fire. The flame produced could easily bo scon 4 or 5 mm. away 
from the Bunsen flame. 

Carbon rods were next tried. Gas-carbon was first tried, but I was 
unable to got two rods sufficiently similar in composition to be of use, 
their own thermo-electric currents being large onough to cover all 
changes producod by gases. I had, however, no difficulty m getting 
rods made for arc lamps to answer my purpose. They were heated to 
a red heat to expel gases, and the ends were filed flat. 

It was found that when one of these rods was heated and placed 
against the othor (see fig. 3), the current was always from oold to hot 
below 200° C. 

They were then used as the olectrodee in decomposing dilute 
sulphuric add, dried carefully until no current was produced on placing 
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them in contact. On heating either rod and joining them as before, 
a current was produced from, hydrogen to oxygen across the hot 
junction. 

The same effeot was obtainod by decomposing hydrochloric acid 
solution, in which case we get chlorine instead of oxygen, and the 
current flows from hydrogen and chlorine. 

Jf the rod be saturated with S0 a it is found to act liko those 
containing oxygon or chlorine. 

Resistance . — In the first experiments made to try if any chango of 
resistance took place when wires aro saturated with gas, a platinum 
wire about a yard in length was formod into a spiral, and each end 
soldered to an insulated copper wire. The junctions were covered 
with wax, and the wires, Gainfully insulated with wax, passed through 
two holes in a cork into a bottle containing dilute sulphuric acid. 
Through the same cork there passed a thermometer and two glass 
tnbee. Tho whole was placed in a large vessel of water. After 
having saturated the wire with hydrogen, tho acid was drawn off, 
and air drawn through for some ti mo. The resistance was found to 
increase slightly on testing. 

To get rid of possible error from change of temperature, two wires 
of equal length and section were used and balanced against each 
other (see fig. 4). 

Fio.4. 



These were placed in water, and a current passed from the one to 
the other, allowed to remain in the acid a little to oool if necessary, 
and afterwards removed, dried, and placed in an empty glass vessel 
surrounded with a considerable quantity of water. Thera they rested 
until the temperature became tho same as the water. When measured 
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the resistance of tho wire containing the hydrogen was found to have 
increased about one thousandth part It is not necessary to try the 
offect of hydrogen on palladium, as the resistance is known to be 
increased considerably by tbe absorbed gas 
Oarbm — Two thin rods about 2 mm diameter were electroplated 
at the ends and soldered to insulated copper wires After pi o toe ting 
the plated jortion with manno glue the whole was fixed to a 
comenient frame and placed in dilute sulphuric acid As was done 
in the case of the platinum wires the rods were balanced against each 
othei in order to eliminate changes of temperatnre Ac 

W1 cn used as the poles of a battery tho ohango of resistance was 
considerable but greater on the rod that 1 ad been tbe positive pole 
By using a platinum electrode hydrogen oi oxygen was produced 
at will upon tho same rod the other lod remaining unchanged It 
then appeared that oxygen inci eased the resistance much more than 
hydrogen mug in some oases as high as mno times that when 
oxygen was liberated twin oi thnee in succession tho resistance 
increased each time This continued increase was probably due to 
chemical change s j reduced by the active oxygen Hydrogen gave an 
increase of res Btanco not continuing beyond a certain point, and not 
becoming greater on repeated charging with the gas 

Generally also the effect of the hydrogen was temporary disappear 
mg wholly in some coses partially m others when short circuited 
The following senes ot observations afford an example of this — 


1 When rod A was charged with oxygen its 

resistance was 4 15 ohms 

2 When rod A was charged with hydrogen its 

resistance was 4 1633 

3 When rod A was charged with hydrogen its 

roBistance was 4 1633 

4 When rod A was oharged with oxygen its 

resistance was 4 2833 

5 When rod A was charged with oxygen its 

resistance was . 4 2966 

6 When rod A waa charged with hydrogen its 

resistance was 43099 

7 Allowed to rest short circuited 4 2966 

8. Again ohargod with hydrogen 4 3066 , 

9 Allowed to xest 4303 „ 


In the ease of hydrogen, the increase was 00133 ohm in two 
expenments, and 0 01 in the other, while it recovered completely after 
observation No 6 and partially after No 8 

SvperporUum of Polaruatwnt — Part of the change in the carbon is 
evidently produced by the mechanical action of the gases evolved, 
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and by the ohemioal action o! the oxygen , both of these will, however, 
produce permanent changes That only port of the notion is to be 
explained in this way is shown by the previous experiments It is, 
however, further demonstrated by using two caibon rods m decora 
posing acidulated water, after passing the cuneut foi one minute 
reverse it for one tenth of a second and immediately join up to a 
galvanometer A short bnt violent deflection appeal s for tho latter 
contact, gradually falling to /iro and passing to the ithirsih white it 
remains for a considerable time though with much dei reused quantity 
The same thing was obtained with platinum oloctrodcs Ihe 
second contact must be veiy shoit or the format polarisation 
disappears I have not yet succeeded in obtaining mote than one 
reversal although I have no donbt that moie may bo g t with icry 
thick electrodes 

Resistance — Coppei and non absorb hydrogen and silver occludes 
oxygen, bnt no change in their thermo electno propci tics could bo 
detected Carbonic oxide is absorbed by iron, and is said to produce 
great changes in its properties In this caw how tier only tho 
resistance was measured 

A piece of iron wire, about 3 yardH in length was twisted into 
a spiral and placed in a porcelain tube the ends piojecting about 
3 inches wore connected with one side of a bridge ami balanced 
against an equal spiral of the same wire After exlianstmg tho 
tube about 1 foot of tho ccntial portion was heated to a bright red 
ness and then allowed to cool Next day the ipsmtnnco wns moasmed 
and the experiment repeated twioe On the third heating, carbonic 
oxide was allowed to enter the porcelain tnbo and readings of tho 
resistance taken on cooling as before This was also repeated 

Thu senes was again repeated with new wires and lastly tho wire 
was raised to a bright red »n vacuo and allowed to cool the objoot 
being to remove the carbonic oxide gas in order that another measure 
ment might be taken after these tepcated heatings Tho resistance 
fell, clearly proving that part of the previous ran ease was due to tho 
presence of the gas No measurement of resistance was taken on 
the same day that the wires weie heated, bnt at least 15 htuis were 
allowed to elapse 

First senes of observations give the numbers thus — 

Average o! three measurements after heating »» vacuo, 0 4 ohm 
• H ■> ii u car- 
bonic oxide, 0 41 , 

With the new wire — 

Avenge of three measurements after heating w» vacuo, 0 63 , 

•i » ii » m <»r- 

bomc oxide, 0 655 „ 
After heating m t aeuo to expel the gas, it fell to 0 642 , 
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These experiments appear to prove that absorbed gases increase 
the resistance of conductors, and that hydrogen renders metals more 
negative (thormo-eleotrioally) whilst carbon becomes more positive. 

I have introduced the experiment (fig. 1) whioh caused this work 
to bo undertaken, although 1 do not think that it is entirely caused 
by the occlusion of gases, where the best results are obtained by 
electrolysis whioh produces thorn in a nascent or more energetio 
state. 


Thermo-electric and other Properties of Graphite and Carbon. 

In making the previous experiments, T had occasion to plaoe the 
heated end of one carbon rod in contact with the cold end of another. 
Tho temperature of the hot end was varied from 30“ 0. to a rod heat, 
whilst tho cold end was kopt at about 17° C. 

Currents of oleotrkrity wore of coarse produced. When the tem- 
perature of the hottor rod was raised but slightly, tho ourront was 
from cold to hot through tho point of contact, but whon it was raised 
to a red heat tho current passed from hot to cold; betwoen these 
tompoiiitures the direction of the ourront variod, appearing at first 
right to obey no rule, and as nothing was known that would explain 
those results, I was led to examine tho matter more carefully. 

There were several difficulties to bo overcome before any satisfac- 
tory results could be obtained. 

Firstly, it was necessary to get two rods of sneb pure material, that 
they would not produce a current when placed in contact end to end 
and heated, or at any rate weak enongh to be noglocted in presence 
of that produced by the contact of the two rods at different 
temperatures. 

I tried several specimens of gas-carbon, but as no two pieces were 
found to fulfil tho condition before mentioned, they were useless. 
I was more fortunate with the rods prepared for are lamps in eleotric 
lighting, readily finding two that answered my purpose. 

A email portion of one of them gave on combustion loss than one 
pari of incombustible matter in 200 of carbon. They were heated 
repeatedly to a red beat and allowed to cool slowly. The ends were 
filed flat to prevent difference of shape producing any current. 

Whon placed in contact end to end and heated, one rod was 
slightly positive to the other, but not sufficiently to prevent the 
experiments from Buoceeding. 

Secondly, the manner of making oontact caused the currents to 
vary much in strength, and the surface of the heated rod required 
filing at intervals, in order to preserve a oiean flat face. 

It was found also that the heat of the hot rod passed so quiokly to 
the cold one that even after a very short contact the onrrent fell, so 
that the rods could be placed together once only and for a very short 
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time ; after -which they require to be brought back to their original 
temperature. 

Lastly, to avoid any possible effect from the coal-gas, the end to he 
heated was inclosed in an iron tube lined with asbestos. 

The temperatures were measured in various ways. In some 
experiments an ordinary thermometer was used for temperatures 
below 260° 0. ; thermo-electric couples of platinum and copper, silver 
and copper, were tried, but, although much more tedxouB, I found the 
method of platinum wire muoh less liable to error. 

The wire was given to me by Mr. H. P, Oallendar, M A , and was 
from the same piece as that used by him in his experiments ou “ Tho 
Practical Measurement of Temperature ” (see * Phil Trans.,’ vol. 178 
(1887), p. 161). 

The following equations for this wire were used in determining the 
temperature, and are those obtained by Mr. Caliendar in hm experi- 
ments : — 

jjj = 1 + 0 00346 Pt°. 

R* = resistance of the platinum wire at t n C. 

R° = „ „ „ 0” C. 

The wire was arranged as in fig. 5, by which means the resistance of 
Fig 8. 


BF alone could bo obtained by observing those of A0, BD, CD, and 
AB j also AB and CD were known if required, which indeed was the 
ease of one of the later experiments. 

In some cases the insulation was thin tubes of hard glass, in others 
tho wire was wrapped up in thin sheet asbestos. The arrangement 
is shown in figs. 6 and 6a, where A and B aro the carbon rods, C an 


Fig. 0. 



iron tube lined with sheet asbestos, H, H packing of asbestos, D a 
thermometer for moderate temperature and to test the calculations 
tot. xirv. a 
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from the platinum wire, P, F platinum wire insulated ; W a vessel of 
water containing a brass tube E, closed at one end, in which the 
carbon rod D is placed after each contact. 

Daring the first series of experiments the temperature of W, and 
hence of B, was 16° C., that of A was changed in each oontaot, rising to 
480° C. and higher. At about 480° the deflection ebangod ; decreasing 
on approaching that temperature, and changing sign above it. I am 
sony to say that tho difficulty of obtaining the same perfection in each 
oontaot was so groat that tho deflections, although increasing above 
480°, were not sufficiently consistent to allow a curve to be drawn. 

Therefore, assuming that the neutral point was midway between 
that of the two rods when no current was produced (£<•., 16* 0. and 
480° 0.) we get 248* C. for the temperature of that point. 

B being kept in the second scries at 50°, in the third at 100°, and in 
the fourth at 200°, and the same assumption made in the calculation 
aa before, 255® 0. was given as the neutral point. If we now rale a 
line suoh that any two points being taken in it, the current shall be 
equal to tho vertical distance between them, and shall flow from the 
higher point to the lower, it will have its lowest point at from 248* to 
255°, rising to 0° and 480° and above (seo fig, 7). This assumes that 
the two lines are equally inclined, aud from the experiment with a 
platinum-carbon couple we judge them to bo so, and their turning 
point to be 260 s 0. 

From the preceding experiments I was led to expect that the line of 
carbon in a thermo- elec trio diagram, in which the area of tho space 
between the lines is proportional to the electromotive force, would 
show a bend of some kind, and aa no researches were known showing 
such a bend, it appeared desirable to test it carefully. 

There is a paper by E, Beoquerel in which he gives an account of a 
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number of experiments with serious bodies, among which ia gas* 
carbon. The hot junction was 100° 0., at which temperature the 
deflection produced by a couple (carbon and oopper) was negative, 
the same as copper-platinum, but a little larger. He does not appear 
to hare worked at higher temperatures (' Annales de Chixnie,' vol. 8, 
1866, p. 415). 

Knott and MacGregor also -worked with gas-carbon, and in 1879 
published a paper in the 1 Transactions of the Royal Society of 
Bdinbuxgh,’ vol. 28, in which a line for carbon is given. The 
material was in the form of a cylinder 15 om. long, 1*8 cm. thick. A 
strong heated wnmght-iron tube, 4 inches long, 2 inches diameter, 
and 1-inch bore, dosed at one end, was suspended over the junction 
and allowed to cool gradually. 

From 230° downwards the line ia parallel to that of platinum. 
Above 230° it appears somewhat uncertain ; they speak of it thus: — 
“ For a small Tango of temperature (to 230° C.) it is possible to 
express the deflection in terms of tho first and sooond powers of the 
temperature, the following formula holding good: t = — 8’29 + 
0-604 1 + 0-000385 <* ; above 280° C. it does not, perhaps because of 
chemical changes, produced by beat. Carbon appears to be an excep- 
tion to tho general law." “ Tho above formula and the graphio 
treatment enable us at a higher temperature to determine its posi- 
tion ” (see fig. 8). The position and slope of the lines are opposite to 
those now used. 

Such a result did not appear to agree with the experiments 
already described, and rs I had found gas-carbon a very unsuitable 
body for use where two pieces were required having anything like the 
same thermo-electric power, it appeared probable that good results 
might be got with the other rods ; and as carbon and platinum form 
for 230“ parallel lines I decidod to use a couple consisting of these 
two bodies. 

Nine series of observations wore taken, using three different 
methods, of whioh it will be sufficient to describe the last. 

Near one end of a oarbon rod a hole, about 5 mm. in diameter, was 
drilled, and into this the end of a platinum wire was inserted and 
fixed by boing wedged with a piece of rod carbon. The whole was 
thoroughly covered with Xndisn ink, which, when dry, was again 
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covered with clay. The carbon rod vm insulated from the platinum 
wires, and they from eaoh other by thin sheet asbestos and mica, by 
which means it was insulated from the vessel in which it was placed, 
and luted with day to prevent access of air (fig 10). The numbers 
obtained in three series are — 


Expt. 1. Expt 2. Expt. 3. 


t. 

B. in micro- 
volt* 


E. 

f 

E. 

50 

.... 270 

220 

... 1800 

210 .... 

1620 

70 

.... 450 

344 

. . . 3240 

312 .... 

3024 

88 

.... 540 

499 

... 5760 

471 .... 

5292 

107 

.... 720 

620 

. . . 7560 

635 .... 

8154 

130 

.... 900 

700 

... 9900 

722 .... 

9990 

160 

180 

210 

.... 1260 
.... 1440 

.... 1620 






The oolder junction was at 17 ° C. 

The resistance of the Pt-C couple was found to vary, increasing 
to 600°, after which it decreased. This result being caused by the 
increased resistance of the platinum being partly neutralised by tbo 
diminution of the resistance of the carbon, to which must be added 
the improved contact obtained by the expansion of the platinum in 
the carbon, whioh is greater than the expansion of the carbon, thenoo 
the pressure increases and tbo oontact improves. 

The numbers were at 220* C. 0 88 ohm, 340° to 500° C. 0 92 ohm, 
620* C. 103, 700* 0. 1 00. 

These experiments agree perfectly with the diagram given by 
Knott and Maogregor (fig. 8) as far as they carriod it experimentally. 
When, however, they commence deducing results for higher tempera- 
tures, our experiments arc not in accord ; there being no indication 
of the carbon line crossing the platinum line, but only a vory slight 
indication in one of tho series of an approach above 230*. 

Assuming the platinum line for our wire to be the same as that 
given in Tait’s diagram (Fleeming Jeukin, p. 178) we get a diagram 
for carbon (fig. 8 a), in whioh the lino is fairly parallel to 250* 0., 
after whioh it gradually increases its distance. 

Other Changes in the Properties of the Body a< the sane Temperature. 

This change is the thermo -e)eo trio power of carbon is aooompanied 
by other changes. The resistance, the expansion, and the specific 
heat all appear to undergo a corresponding alteration. 

Besistanoe . — Aocurate measurements of the resistance of carbon 
at high temperatures are very difficult to obtain, owing to the 
oha&gee that take place in the oornierions. It is desirable, if possible, 
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that the whole rod should be exposed to the same temperature If 
the rods are thick the charges in the contacts, even at ordinary tern* 
peratnres, become great in propoition to the resistance of the rods, 
and if thin there is great danger of them being changed by the heat 
We found the method of electroplating with copper very good up 
to BOO* or 600" after which it completely broke down and we were 
not able to get any other method to stand Thna the experiments 
wme stopped there, althoagh wc expected other changes at 800” to 
ip00°, from the numbers obtained for the specific heat by Weber 
The first method tried was that used by H Mnraska ( Ann&len 
der Physik und Chemie ’ vol 13, 1881 p 310) in which a hole is 
dulled in each end of tho carbon rod, and after electroplating with 
copper, a copper rod is pushed in tight and b rased in The ob* 
loctions to this method wore 1st, requires a thick rod , 2nd, better 
contact formed as the temperature rises, tending to produce onor in 
the same direction as the results of the experiments 

Second Forming a contact that would be liquid at all tempera- 
tures above 100° This was done by drilling vertical holes near the 
ends of the rods and filling them with fusible metal Boquired thick 
rods, gave way 

Third Usod thin rods so that the change m contact rosistanoe 
might not bear so large a proportion to that of the rod ltBelf Glass 
vessels shaped as in fig 11 were prepared and tho rod packed at A 


Tie 11 



and B with asbestos Fusible metal or solder was melted into the 
glasses, and tho rod protected by a glass tube B 

Fourth An attempt wm made to form contacts by inserting the 
thin rod into cavities drilled into thick rods of carbon, and joining 
by Indian ink, sugar and graphite, <fco 
Lastly, tho rod was incased in thin sheet asbestos, well coated with 
wet clay between each layer The ends were electroplated with 
copper and tinned They projected beyond the asbestos covering 


Fig 18 
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about | mob The glass tabes m tl e previous method were mutated 
in asbestos and into the spaces 8 S solder was meltod and thick 
copper wire* inserted the other ends of which were kept cool by 
water When taking observations at h gh tunpe stores it is better 
to cover this with a glass tnbo at the j ort on AA Out of a large 
senes of readings we give four 

Graphite Bodt — Ihese rods wore snppl p! ly Ho<m th and Hayes 
of Keswick as pore natnral On nberlar d grapl to 

Length 7} inches d ametor 01 o uol 

Experiment 1 

1 ne of obeerra on Tempera re 1 olm 

10 21 42 1 

12 lo 000 lb 

12 25 412 2J7 

12 0 278 3*1 7* 

835 21 42 3 

J xjer ment 2 

11 AM 22 104 

1250 155 27 0 

2 55 202 26 2 

430 2 8 25 o 

5 54 390 21 2 

Next day 10 4 22 310 

Carbon Bode — Carbon rods supplied by Woo Ihouse and Bawson 
Victoria Street London Very hard and gool 12 inches long 
diameter 022 inch 

h eminent 1 


T me of obsorrst o Temperature K n ohmi 

315pm 147 475 

5 309 4 75 

6 40 298 4 81 

7 35 257 485 

8 226 4 88 

Next day 10 am 23 5 2 

Experiment 4 

1215 325 474 

2 80 273 4 83 

410 221 490 

5 202 498 

Next day 11 am 22 521 
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Change* per I s 0 per 1 ohm — 


Expt 1 gives — 

> 0009 
00068 
*;®}o 00070 

600 }0 00076 

Expt 2 gives- 

~ 30 0008 
J2 10 000678 
00038 

*'°}0 00012 

Expt 3 gives— 

3° 00031 

2> 00025 
S° oooias 

00032 

Fxpt 4 givis 

3° oooal 
00026 
“' 5 }0 00030 


All showing a decrease (in the tempoiatnro coefficient) to about 
250° and then an increase 

This method cannot lay claim to absolnte accuracy , as there is in some 
oases an increase of resistance by tlio change in the contact of oopper 
with caibon which appears when the red cools as in Expei lment 2 
This however takes place at the higher temperatures and tends to 
decrease the numbers obtained at those temperatures and a correction 
if one could be applied would only moreaso the results obtained in 
the previous experiments 

C tflmeni of Lrparunon 

Method — As we wished to raise the rod to o00° or 600° C it was 
impossible to expose tho whole rod to that temperature, and at the 
same time to road the changes of position of a mark oi point at the 
end of it with a microscope nor did it appear probable that oontact 
could be made bj rods of othei materials 

It was decided thereto o to heat tho cential jortion of a rod 
keeping the end portions (old We had thus one hot portion two 
colder and two othei s at a constant temperature A rod, about 
36 inches in length and | inoh in diameter was used One end was 
electroplated and then soldered into a cavity in a brass rod which 
was firmly clamped to a vertical iron one fixed to a stone table Into 
a small hole in the other end a fine noodle was fixed whose change of 
position was read by a microscope 
The central portion of the carbon was covered with a thin coating 
of clay, then with paper to oontnme the oxygen, outside that a glass 
tube packed with asbestos inside of a porcelain tube 
Ten inches of the centre of this was heated in a gas furnace The 
temperature was taken with a platinum thermometer (fig 8) EF 
giving the temperature of the hottest part AB and CD those of the 
portions between the hottest and the constantly cold portion 
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EF was 10 inohes, AB and CD 7 inches eaoh, total 24 inohes. 
Outside the rod was kept cool with water. 

In calculating the portion of the expansion dne to the parts AB 
and CD the numbers obtained in Experiment 4 are need. The 
expansion is assnmod to be regular up to 143°, the number obtained 
from this is used for the cooler portions AB and CD np to 98* ; 
above that, the number fonnd in the samo experiment for the 
expansion between 143° and 263° is used. 

One example will show what is meant. In Experiment 4, observe* 


tion 1, wo have — 



AB 


54-15 = 39x7 = 273 

CD 

29 I 

29-15= 14x7 = 98 

EF 

143 f 

143-15 = 128x10 = 1280 

Cold portion 

15 J 

1651 


0 0076 
1651 

= 0-0000045. 


Table showing the Temperature of each Portion of the Rod at each 
Observation, the total Change in Length, and the Coefficient of 
Expansion. 


AB. 

KF. 

CD 

Cold 

part 

Total 

eipfuuion 

Coefficient of expansion. 

Expt.l. IMP 
„ 2. 208 

8 P 01 
” “1.208 
54 

Sxpt 4.- 

1,194 

614° 

645 

800 

645 

143 

263 

282 

008 

268° 

263 

89 

107 

29 

41 

49 

107 

18° 

14 

15 
15 
15 

15 

16 
15 

in 

0 057083 
0 059375 
0 021041 
0-058641 
0 0075 

0 0183' 
0-0216' 

0 0583' 

0 00000666 between 13° and 614° 

0 0000066 „ 14 „ 645 

0-0000056 „ 15 „ 800 

0 000008 „ 300 „ 645 

0-0000015 „ 15 „ 148 

0 0000077 „ 113 „ 203 

0 0000140 „ 203 „ 288 

0 000009 „ 282 „ 602 


Nos. 1 and 2 give the average of the whole of No. 4, and part 1 
of No. 3 is not far removed from the avorage of parts 1 and 2 of 4, 
while part 2 of No. 3 is lower than the numbor obtained in No. 4. 

Specific Heat. — H. F. Weber gives tho following numbers as the 
speoifio heat of carbon at various temperatures ; unfortunately for 
our purpose, no observations aro recorded between 250° and 640°. 
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temperature 
-50 3° 
Graphite —10 7 
61 3 
138 5 
201 6 
219 3 
641 9 
822 
977 


Specific heat 
0 1118 , 
0 1437 
0 1990 [ 
0 2542 j 
0 296b J 
0 3250{ 
0 4154 
0 4539 
0 407 1 


Bate of change per I s 0 
0 00075 
0 00076 
0 00071 
0 00067 
0 00063 
0 00030 
0 000045 
0 000083 


The curve fig 9, is plotted fiom thebe numbers and shows a fairly 
rognlai met ease m the specific heat with the temperature up to 250® 
where the line bends anothu bend occurs at 650° 


Other changes wtic lookod for at the higher temperature, but the 
contacts gave way, and no definite results were obtained Jn con- 
clusion I wish to acknowledge my obligations to Professor J J 
Thomson, PRS and to R T Glasebrooh, i R S , for much informa 
bon and advice during the whole course of the work 

Summary of Results 

Below 260 ° 0 Abort 260“ 0 

A Effect of contact of Cui rent from Current fiom 
hot and cold car cold to hot hot to oold 

bon 

B Thermo eleotnc line Rises Palls 

C Rate of decrease of Diminishes Increases 

resistance per de- 
gree per ohm 

D The rate of increase Increases Decreases 

of the coefficient 
of expansion 

E Rate of increase of 
the specifio heat 


fairly regular Falls to half 
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IL “ Colour Photometry. Part II. Tho Measurement of Re-- 
fleeted Colours.” By Caph W. de W. Abnk?, R.E., F.R.S, 
and Major-General Festing, R E., F.R.S. Received May 8, 
1888. 

(Abstract ) 

In a previous paper we showed how the luminosity of different 
spectrum colours might be measured, and in tho presont paper wo 
give a method of measuring the light of the spectrum reflected from 
coloured bodies such as pigments in terns of tho light of the 
spectrum reflected from a white surface. To effort this tho first 
named of ns devised a modification of onr previous apparatus. 
Nearly in contact with the collimating lens was placed a double image 
prism of Iceland spar, by which means two spectra were thrown on 
the focussing screen of the camera (which was arranged as described 
in the Bakerian Lecture for 1886), each formed of tho light which 
enters the slit. The light was thus identical in both spectra. The 
two spectra were separated by about J of an inch when tho adjust- 
ments were complete. A slit ent in a card was passed through 
this spectrum to isolate any particular poition which might be 
required. The rays coming from the uppermost spectrum were 
reflected by meaus of a small right-angled prism in a direction nearly 
at right angles to the original direction on to another right-angled 
prism. Both prisms were attached to the card From this last prism 
the rays fell on a lens and formed on a white screen an image of the 
face of the spectroscope priBm m monochromatic light. The ray of the 
same wave-length as that reflected from the upper spectrum passed 
through the lowor half of the slit, and falling on another lens 
formed another image of the face of the prism, superposed over 
the first image. A rod placed in front of the screen thus cast two 
shadows, one illuminated by monochromatic rays from the top 
spectrum, and the other by those from the bottom spectrum. 
The illumination of the two shadows was equalised by means 
of rotating sectors whioh could be closed and opened at pleasure 
during the time of rotation. The angle to which the sector required 
to be opened to establish equality of illumination of the two shadows 
gave the ratio of the brightness of the two spectra. When proper 
adjustment had been made the relative brightness was the same 
throughout the entire spectrum. 

To measure the intensity of any ray reflected from a pigment, a 
paper was coated with it and placed adjacent to a white snrfaoe, and 
it was so arranged that one shadow of the rod fell on the coloured 
surface and the other on th^white surface. The illuminations were. 
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then equalised by the sectors and the relative intensities of the two 
reflected rays calculated. This was repeated throughout the speo- 
tram. Vermilion, emerald-green, and French ultramarine were first 
measured by tho above method and then sectors of these oolonrs 
prepared, which when rotated gave a grey matching a grey obtained 
by rotation of black and white. The luminosity carves of these three 
oolonrs were then calculated and reduced proportionally to the angle 
that each sector occupied in the disk. The luminosity curve of tile 
white was then reduced in a similar manner, and it was found that the 
sum of the luminosities of the threo colours almost exactly equalled 
that of the white. Tho same measurements wore gone through with 
pale-yellow chrome and & French bine, which formed a grey on rota- 
tion, with like results. It was farther found that the sum of the in~ 
tensities of vermilion, bluo, and green varied at different parts of tho 
spectrum, and the line joining them was not parallel to the straight 
line which represented white for all colours of the spectrum and 
which itself was parallel to the base. Since a straight line parallel 
to the base indicated degraded white, it followed that if the intensity 
of the rays of tho spectrum were reduced proportionally to the height 
of tho ordinates above a line tangential to the curved lino (which 
represented the sum of the intensities of the three oolonrs at the 
different ports of the spectrum) and were recombined, a grey should 
result. A method was devised of trying this, and the experiment 
proved that such was the case. The same plan enabled the colour of 
any pigment to he reproduced from tho spectrum on the screen. 
The combination of colours to form a grey on rotation by a colour- 
blind person was also tried, and after the curve of luminosity of the 
oolonrs had boen calculated and reduced according to the amount 
required in the disk, it was fonnd that tho sum of the areas of the 
curves was approximately equal to the white necessary to bo added 
to a black disk to form a grey of equal intensity as perceived by him. 
The spectrum intensity of gaslight in comparison with the olectrio 
light was also measured, and the amount of the different colours 
necessary to form a grey in this light was ascertained by experi- 
ment. 

As before, it was found that the calculated luminoeity of the colours 
was equal to the white which oombined with black formed a grey of 
equal luminosity. 

The question of the coloured light reflected from different metals 
was next considered, and the method of measuring it devised, as was 
also the method of measuring absorption spectra. The luminosity 
curves obtained by the old method were oomp&red with those ob- 
tained by the present method, and so close an agreement between them 
was found to exist, as to give a further confirmation that our former 
plan was accurate. A number of pipients that can be used fin* 
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forming greys by rotation were measured and the results tabulated 
in percentages of the spectrum of white light and on a wave length 
scale 


III “The Conditions of the Evolution ot (loses from Homo- 
geneous Liquids” By V H Vfift, M A, University 
College, Oxford Communicated by A Vebnon Hauoourt, 
MA FRS Received May 5, 1888 
(Abstract ) 

This paper is conveniently divided into three parts In pai t (l) an 
account is given of the effect of finely divided pai tides on the rote of 
evolution of gases resulting from chemical changes in part (n) the 
phenomenon of initial acceleration, as also the efttet of variation of 
present e on the evolution of gases is discussed in port (in) the ease 
of the decomposition of foimio acid into carbonic oxido an 1 water is 
investigated under constant conditions, other than the so of tho mass 
of reacting substances and of temporature 

l'ait 1 — It is fonnd that tho addition of bnel) dm led clicmicnlly 
inert particles increases tho late of evolution of gases from liquids in 
which they aio being formed l he effiet of these pai tides on tho 
following chemual changes is investigated (l) the decomposition 
of formic and yielding oarbonio oxide , (n) tho decompcBition of 
ammonium nitrite in. aqueons solution yielding mtiogin (m) the 
reduction of nitrio acid into nitric oxide by moans of fuious sulphate 
(iv) the decomposition of ammonium nitrate in a state of fusion pro 
dnoing nitrons oxide and (v) the decomposition of potassium rhlorato 
in a state of fusion producing oxygen The finely divided substancos 
used aie pumice, silica, giaphite precipitated banum sulphate and 
glass dnst 

Part II — It is observed that, conditions of temperature remaining 
the same, the rate of evolution of a gas fiom a liquid is at hi st slow 
then gradually increases until it reaches a maximum and lot some 
tune constant late h inm this point the rate decreases pi opoition&Uy 
to the diminution of mass This is observed in the coses of tho decom- 
position of formic acid potassium ferrocyamdc and of oxoho acid by 
concentrated snlphnno acid, and in that of ammonium nitrate It 
has previously been observed m the case of tho decomposition of 
ammonium mtnte m aqueous solution lhe same phenomenon 
repeats itself when the temperature is temporarily lowered and then 
raised to its formei point, and also to a more marked degreo when, 
temperature remaining tho same, the superincumbent pressure is 
suddenly increased 

The reduction of pressure from one to a fraction of an atmosphere 
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produces no permanent effect on the rale of evolution of a gas from a 
liquid, a decrease of pressure, howevei, produces temporarily an in- 
crease in the rate, and an increase of pressure conversely produces 
tempoianly a decrease in tho rate 

Part III — The case of the decomposition of formic aoid into 
carbonic oxide and wator by diluted Hulphuno acid is studied with 
the aid of an apparatus by means of which the temperature u kept 
constant within one-twentieth of a degroo It is shown that the rate 
of evolution of carbonic oxide is expi essible by the following equa- 
tion — 

log (t + f) + log i = log e, 

in whioh t is the time from the commencement of the observations , 
t is the interval of time from the moment of commencement, and 
that at which, conditions remaining tho same, the interval of time 
required foi unit ohange would havo been nil , r is the mass at the 
ond of oach observation, and c is a constant The results calculated 
by this hypothesis agree with thoso observed, whether the interval of 
time leqmred for unit change is 30 or 060 minutes The curve 
expressing tho rate of chemical change m terms of mass is thus 
hyperbolic and lllnstiativo of the law 

di _ _ f 
dr c 

which exprtsscB tho rate at which equivalent raassos act upon another , 
1/c in each expinmont is the amount of each unit mass which reacts 
with the other per unit of time, when an unit mass of each substance 
is present Since then equivalent masses take part m the change, it is 
reasonable to suppose that at first an anhydride of formic acid i» 
produced thus — 

HCO} 0 + HCO} 0 = HCO} 0 + H) o 

Tho anhydride is unstable, and is subsequently decomposed into 
carbonic oxide and water, 

hco}° = 2CO + oh - 

The change may thus be oompared to the production of ethyl 
formate from formic acid and aloohol, 

HC °}0 + ^} 0=^»} 0 + H ,0 

with which it shows several points of analogy 

In the original paper the methods of observation and the apparatus 
used aro described in full, and the losults obtained are Bet forth in a 
senes of tables 
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IV. “ Investigations on the Spectrum of Magnesium. No. II.” 
By G. D. Liveing, M.A., F.R.S., Professor of Chemistry, 
and J. Dewar, M.A., F.R.S., Jacksonian Professor, Univer- 
sity of Cambridge. Received May l(i, 1888. 

Since onr last communication on this Bnbject, wo have made many 
additional observations on tho spectrum of magnesium under various 
circumstances, and have arrived at some new results. Speaking 
generally, we find that differences of temperature, such as we get in 
the flamo of burning magnosium, m the arc, and in tho Bpark, 
produce less differences in the spectrum than we had before attri- 
buted to them For instance, the lines which previously we had 
observed only in the spark discharge, we have since found to be deve- 
loped in the arc also, prov ided the discharge occur botwocn electrodes 
of magnesium.* In making these experiments wo uBod thick electrodes 
of magnesium, and brought thorn together inside a glass globe abont 
6 inches in diameter, fitted with a plate of quartz in front nnd filled 
from timo to time with various gases. The arc was an instantaneous 
flash which could not be repeated more than twice without rendering 
the sides of the vessel opaque with a oomploto coating of magnesium. 
It was therefore analogous to an explosion of magnesium vapour. 
Tho strong blue line X4481, two pairs about X3895, 3898, and X3855, 
3848, the strong pair about \2935, 2927, and the two woaker linos of 
the quadruple group, namely, A278U-9 and 2797, all come out m the 
arc given by a Siemens’ dynamo between magnosium electrodes in 
air, in nitrogen, and in hydrogen. We have observed most of them 
also when the arc is taken in carbonic acid, in ammonia, in steam, 
in hydroohlorio acid, in chlorine, and in oxygen. Tho relative 
intensities of these linos, as compared with one another and with the 
other lines of the Bpectrum, vary considerably under different cir- 
cumstances, of which temperature is doubtless one of the moat 
important ; but none of tho spark lines seem to be absent from the 
arc, and even the blue line A4181, so characteristic of tho spark, 
whioh we never found iWtlic eloctno aro taken between carbon poles 
in a cmoible of magnesia oven on addition of magnesium, is some- 
times quite as strongly Bhowu in the aro between magnesium 
electrodes. There are still several lines of the arc which we have 
never observed in the spark, such as tho series of triplets of wave- 
length less than 2770, but their presenco may be dependent more on 
the large quantity of incandescent matter m the aro than upon its 
relative temperature. The observations, however, render doubtful 

• Compare the appearanoe of the linoi of hydrogen in the aro diiohargo, * Boy. 
Soo. Proo.,’ vol. 30, p. 167 j and voL 36, p. 76. 
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the correctness of the received opinion that the temperature of the 
spark discharge is much higher than that of the arc The greatei 
mass of the incandescent matter in the arc may be expected to give 
a greater number of lmes, because the gradations of temperature 
will be less stoop than m a smaller mass, and wo shall feave from 
the outer part of the mass the light which is emitted at compare* 
tively low temperatures while from the inner pait we shall get thoso 
rays which are only produced by the highest tompuatures More 
over, compounds which may bo dissociated in the interior of the mass 
may be re formed in tbo onter part and produco thoir chaiactenstio 
emission or in some eases absoiption spectre Feat however, is not 
the only foim of energy which may give rise to vibrations, and it is 
probable that the energy of tho elcctno dischaige, as well as that 
due to chemical change may dueotly impart to the matter affected 
vibrations which are more intense than the temperature alono would 
produce 

The Panda / thp Oud 

Iho set of seven bonds in the green beginning at about X5006 4 and 
fading towards the violet side of tho spectrum which we have before 
attubutod to tho oxide of magnesium have been subjected to further 
observation and we have no reason to doubt tilt correctness of our 
former conclusion that they aie due oithei to magnesia or to tho 
chemical action of oxidation On repeating oui experiments with 
the spark of an induct l m coil between magnosmm electrodes in 
different gases at atmosphenc pressure we coaid see no trace of 
these bamls in hydregon nitrogen, or ammonia whethoi a Leyden 
jar was used or not Nor conld wo see them at all in carbonic oxide, 
but in this case the brightness of the lines dno to tho gas might 
prevent tho bands being seen if they were only foobly developed On 
the other hand the bands come out brilliantly when the gas is 
oxygen or carbonic acid, both with and without the use of a 
Leyden jar In an and in steam thoy aie less bnlhant but may be 
well seen when no jai is used When a jar is used thoy are less 
conspicuous, because in air the lines of mtiogen come out strongly m 
the same legion aud in steam tho F line of Jiydiogen becomes both 
very bright and much expanded • It seoms theiefore that it is not 
the character of the electno discharge, but the nature of the gas 
which determines the appeal ance of the bands , and the absence of 
* Neither tho aro of s Siemens dynamo nor that of a Do Moritem magneto 
oleotnc ma hwo when taken in a crucible ot magnesia shows thoso bands even if 
metalho magnesium bo dropped into it A stream of hydrogen led into the 
crumble with a new to oool it dots not elicit them When the arc is taken in tho 
open air and metallic magnesium dropped through it the bands appear moment 
anly but that u probably the result of the burning of the magnesium vapour out 
tula the are -May 23 
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the bond* in the absenoe of oxygen, and their increased brilliance in 
that gas, leave little room for doubt that they are dne to the oxide, or 
to the process of oxidation. It may bo assumed that at a sufficiently 
high temperature magnesia will bo decomposed, but magnesia is a 
very stable compound, a great amount of beat is developed in its 
formation, and it probably requires a temperature far above that of 
burning magnesium for its complete dissociation. This is consistent 
with the appearance of the bands in the spectrum of tbe flame of the 
burning metal, as well as in the condonsed spark when the other 
conditions are favourable for the formation of the oxide, or for its 
stability when formed. In our earlier observations, we obtained in the 
vilibto region nothing but a continuous spectrum from magnesia 
heated with the oxyhydrogon blowpipe; neither tbe b group, nor 
X4570, nor the triplet near L appeared, but at the same time A2862 
was not only strong, but was strongly reversed. We now find that 
this result, so far as it was negativo, was a consequence of using too 
large a mass of magnesia to bo adequately heatod by tho flame. If 
the piece of magnesia is very small, such as a fragment of the ash of 
burnt magnesium ribbon, most of the spectrum of burning 
magnesium is developed in tbe flame for a abort distance from 
the piece of magnesia. It was not very easy to make these experi- 
ments successfully. About 3 inches of magnesium ribbon were 
burnt in air, and the ash carefully heated in the upper part of tho 
oxyhydrogon flame to render it dense. Tho thread of magnesia so 
obtained was held horixon tally with its end projecting into tbe oxy- 
hydrogon flame so a* to approach tho boundary of tho inner oone, and 
if the current of gas were not too strong all that was further 
necessary was to move up the thread honxontally as the end was 
worn away. When the magnesia was placed as described, the whole 
upper part of the flame was of a fine a*ure-blue colour. Under these 
circumstances, the flamo shows tbe 6 group and the magnesium- 
hydrogen serios close to it, the bands in the green, tbe triplet near L, 
the triplet near M of the flame of burning magnesium, with the 
group of bands in that region, and tho line \2852. It is remarkable 
that the proportions in which the oxygen and hydrogen are mixed 
affect the relative intensities of different parts of the spectrum. In 
general, both the metallic lines of the b group and tho bands of the 
oxide are easily seen j but if the oxygon be in excess the bands of the 
oxide come out with increased brightness, while the b group fades or 
sometimes becomes invisible. On the other hand, if the hydrogen be 
in excess the bands fhde, and tbe b group shows increased brilliance. 
There can hardly be muoh difference in the temperature of the flame 
according as one gas or the other is in excess, bnt the exeess of 
oxygen is favourable to the formation and stability of the oxide, 
while excess of hydrogen facilitates tho reduction of magnesium and 
voi>. xliv. s 
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its maintenance in the metollio state. As regards temperature, it 
should be observed that while substances merely heated by the flame, 
and not undergoing chemical change, are not likely to rise to a tempe- 
rature above the average temperature of the flame, it will be 
otherwise with the materials of the flame itself and other substances 
in it which are undergoing chemical ohange, and have at the instant 
of such ohange the kinetio energy dne to the change. 

In a recent communication to the Society, “Researches on the 
Spectra of Meteorites,” Mr. Lockyer has directly connected the 
appearance in nebula of these bands, namely, “ the magnesium fluting 
at 500” with the temperature of the Bunsen burner (‘Roy. Soo. 
Proc.,’ vol. 43, p. 133) That the bands are persistent throngh a large 
range of temperature there is no doubt, but we cannot help thinking 
that Mr. Lockyer is mistaken in supposing them to be produced at 
the temperature of a Bunsen burner. It does not follow because the 
hands are soen when magnesium is burnt in a Bunsen burner that the 
molecules whioh emit them are at tho temperature of the flame. In 
the combustion of the magnesium the formation of each molecule of 
inagnosia is attended with a development of kinetic energy which, if 
it all took the form of heat and were all concentrated in the molecule, 
must raise its4emperaturo to very nearly the point at whioh magnesia 
is completely dissociated. The persistence of the moleoule of magnesia 
when formed will depend upon the dissipation of some of this energy, 
and one of the forms in which this dissipation ooonrs is the very 
radiation whioh produoes tho bands. The character of the vibration 
depends on the motions of the molecules, which in the case in question 
are not derived from tho heat of the flame, hnt from the stored energy 
of the separated elements, whioh becomes kinetio when they oombine. 
The temperature of complete dissociation of magnesia is very far 
higher than any temperature whioh can reasonably be assigned to the 
Bnnsen burner. 

Nor do the observations we havo made on magnesia in the oxy- 
hydrogen flame appear to ns to be inconsistent with the oonohufax 
that the spectrum of the oxide is produced only at a high temperature, 
as we have a decomposition of magnesia by the hydrogen at the 
highest temperature of the blowpipe flame, and when hydrogen is in 
excess little but the metallic lines is visible, because the reformation 
of magnesia is, for the most part, the reversal of the former action, and 
occurs in the cooler part of the flame by the interchange of oxygen 
between steam and magnesium with scarcely any rise of temperature. 
On the other band, when the oxygen is in exoess the reduced magne- 
sium carried np into the flame combines for the most part directly 
with oxygen, and individual molecules thereby acquire a motion of 
far greater intensity than they ooold derive from the average heat of 
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In fust, when ohemioal changes are occurring in & flame it cannot 
be taken for granted that the temperatures of the moleonles are all 
alike, or that the vibrations which they assume are the result of heat 
alone. On the other hand, the temperature of the metal separated 
from magnesia by the oxyhydrogen flame cannot, we suppose, be at a 
temperature higher than that of the hottost part of the flame. We are 
therefore inolined to think that the metallic lines (b) are manifested at 
a lower temperature than the bands of the oxide ; and the appearance 
of a line in the position of the first band without any trace of the 
second band (whioh is nearly as bright as the first), and without any 
traoe of the b group, is quite sufficient to create a suspicion of mis- 
taken identity when Mr. Loolcyer ascribes the sharp green line in the 
speotrnm of nebulae to this band of magnesia. This suspicion will be 
strengthened when it is noticed that the line in question is usually in 
the nebnlsa associated with the F line of hydrogen, if it be borne in 
mind that the spark of magnesium in hydrogen does not give the 
bands, and that the oxyhydrogen flame hardly produces them from 
magnesia when the hydrogen is in excess. 

In Mr. Loclcyer’s map of the speotrnm of the nebnla in Orion 
(loo. oft., p. 134), he has represented three lines in tho position of the 
edges of the first three of these bands. If theso throe lines were 
really seen in tho nebnla, there would be less room to doubt the 
identify of the spectra ; but the authorities quoted for the map (loo. 
eit., p. 142) mention only a single line in this position. 

When the flame of burning magnesium is viewod with a high 
dispersion these bands are resolved into series of fine, closely set 
lines. Seven such series may be counted, beginning at tho approxi- 
mate wave-lengths 5006 4, 4995 6, 4985 4, 4973-6, 4961-6, 4948-6, 
4984*4, respectively. When a condensed spark is taken between 
magnetium electrodes in oxygen mixed with a little air, the pair of 
strong nitrogen lines may be seen simultaneously with the bands, and 
lying within the first hand, the bright edge of the band being some* 
what less refrangible than the less refrangible of the two mtroge* 
lines. 

When the bands are produced by the spark discharge betweefi 
magnesium electrodes in oxygen or other gas, we have not been able 
to resolve them into lines, but the whole amount of light from the 
spark is small compared with that from the flame, and besides it is 
possible that the*Beveral lines forming the shading may be expanded 
in the spark, and thus obliterate tho darker spaces between them. 

Triplet near M and adjacent Bands. 

Out former account of the spectrum of the flame of burning magne- 
sium included a description of a triplet near the solar line M, and 4 
sines of bands extending from it beyond the well-known triplet near 
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L. Ai we had not observed these features in the spectrum of the 
spark or arc, and oonld not trace their connexion with any compound, 
we concluded that they were produced by magnesium only at the 
comparatively low temperature of the flame. We have since found 
that they are not produced by the metal at that temperature only, bat 
are exhibited as strongly, or even more strongly, in the arc between 
electrodes of magnesium. In the latter case they appear concurrently 
with the line at 4461 and other lines which seem to belong to high 
temperatures. We must therefore regard them as not only produced 
at the temperature of flames, but as persistent at temperatures very 
much higher. 

The different circumstances under which wo have observed this 
triplet are as follows : — 

In the oxyhydrogen flame when a very small piece of magnesia is 
held in it. In this case the outer two lineB of the triplet are much 
stronger than the middle line (X3724 about), whioh in some of our 
photographs doos not show at all. It should be noticed that the least 
refrangible of the three lines (\3730 about) is in general more diffuse 
and not quite so bright as the two more refrangible lines. Magnesia 
in the oxyhydrogen flame also gives rise to some bonds close to and 
more refrangible than the triplet, and to another still more refrangible 
bnt less bright triplet, in which the lines are set at nearly equal 
distances from each other, with the approximate wave-lengths 36337, 
3626*2, 8620*6. These additional bonds and triplets are not really 
absent from the flame spectrum, for traces of them may bo seen in 
some of our photographs of the magnesium flame, but they seem 
relatively brighter in the oxyhydrogen flame with magnesia, and the 
longer exposure of the photographic plate in the latter case helped to 
bring them out. They seem to como out more strongly under the 
conditions which make both the green bands of tho oxide and the 
b group show welL 

The triplet near M is also produced when magnesium oxychloride 
and when magnesium chloride is substituted for magnesia in the oxy- 
hydrogen flame, and in the former case the more refrangible triplet is 
developed as well. 

When carbonic oxide and oxygen are substituted for hydrogen and 
oxygen, both triplets are devoloped in the part of the flame near the 
magnesia, and in this flame the middle line of the triplet near If 
(X3724 about) is as strong as it is in the flame of ‘burning magne- 
sium 

The proper adjustment of the thread of magnesia in this flame is a 
much more delicate matter than in the oxyhydrogen flame. In fact, 
we made many experiments which were failures before we suooeeded 
in getting sstisfactory results ; and latterly, in order to be certain of 
snooeas, wo bad to All a gas-holder with a mixture of oarbonio oxide 
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and half its volume of oxygen and bum the gaeee as they issued from 
the holder 

We have not noticed the more refrangible triplet (X36SS 7 to 
8620 6 about) under other circumstances, but the triplet near M is 
produced when magnesia is held in the flame of cyanogen burning in 
oxygen, m the flash of pyroxylin with which magnesium filings have 
been mixed or whioh has been treated with an alcoholic solution of 
magnesium chloride 

It is not only very strongly developed, but shows stiongly reversed 
on our pbotographio plates, in the spectrum of the are from a Siemens’ 
dynamo taken between electrodes of magnesium in oxygen and most 
of the accompanying ultra-violet bands of the magnesium flame 
spectrum are at the same time reversed It is less strongly, but 
distmotly, reversed in the spectrum of the same arc taken in air, in 
carbonic acid gas, and in sulphurous acid gas It appears also if 
the arc is taken in ordinary nitrogen unless great precautions arc 
taken to oxclude all traces of oxygen or carbonic acid when it com 
pletely disappears It is developed also in the flash produoed when a 
piece of magnesium ribbon is dissipated m air by the discharge through 
it of tho current from 50 cells of a storage battery Also m the 
spark in air at atmospheric pressure between magnesium electrodes 
oonnoctod with the secondary wire of an induction coil when the 
alternating current of a Do Mon tens magneto electric machine is 
passed through tho primary 

In two cases, but only two, we have found this triplet, or what 
looks like one or both of the more refiangible of its lines, developed 
in vacuous tubes In both tubes the gas was air One had platinum 
electrodes and a strip of magnesia from burnt magnesium disposed 
along tho tube , the other had fragments of the Dhurmsala metoonte 
attached to the platinum electrodes The discharge was that of an 
mdnotion coil worked in the usual way without a Leyden jar In 
each ease it is only in one photograph of the spectrum that the lines 
in question appear In other photographs taken with tho same tabes 
they do not show 

On the other hand, this tnplet does not make its appearance in the 
are from a dynamo between magnesium electrodes in hydrogen, ooal 
gas, oyanogen,* chlorine, hydrochloric acid, or ammonia , nor in the 

* In taking (he arc in Ihu way m oyanogen our photograph* ihow the whole of 
the flTe hand* of oyanogen between K and L well reverted We have before 
notioed ( Roy Boo Proo vol 88, p 4J tho reversal of the more refrangible three 
of thwe band* againvt the bright background of the expanded linee of magneeium 
whan tome of that metal wa* dropped it to the aro between oar bon electrodes but m 
taking the are between magnesium electrode* in an atmosphere of oyanogen the 
bright wing* of the expanded magneuum line* near L extend beyond the oyanogen 
hands, and the whole *ene« of the latter are well reverted —May 88 
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arc from a Do Men term’ machine in hydrogen or nitrogen. It does 
not show in the spark between magnesium eleotrodes of an induction 
ooil used in the ordinary way, either with or withoat a Leyden jar, in 
hydrogen or in air at atmospheric pressure ; nor in the glow discharge 
in vacuous tubes with magnesium elootrodes when the residual gas is 
either air, oxygen, hydrogen, carbonic acid gas, or cyanogen. Nor 
does it appear, except in the one instance above mentioned, in the glow 
discharge in highly rarefied air in a tube containing either magnesia 
or a strip of metallic magnesium. 

A review of all the circumstances under which the triplet near 
M and its associated bands appear, and of those under whioh the/ 
fail to appear, leads pretty conclusively to the inference that they are 
due not to merely heated magnesium but to the oxide, or to vibra- 
tions set up by the process of oxidation. 

With reference to this triplet, Mr. Lockyer (foe. p. 122) has 
referred to us as his authority for the statement that at the tempera- 
ture of a Bunsen burner as ordinarily employed the ultra-violet line 
visible is that at 373. We do not agree to this as a statement of 
observed fact, and we oannot imagine how the passage to whioh 
Mr. Lockyer refers (‘ Roy. Soc. Proc ,’ vol. 32, p. 202) can be sup- 
posed to warrant it. The flame we mention in that passage is not 
that of a Bunsen burner but that of burning magnesium, which may 
be very different from the former even when the magnesium is 
burning in the air which is mixed with ooal gas in the Bunsen burner. 
Moreover, whatever the temperature of the flame may be, we have 
never observed the triplet at X8730 unaooompanied by other ultra- 
violet lines. In the flame of burning magnesium, as we state (foe. 
oit., p. 189), “photographs show, besides, the well-known triplet in 
the ultra-violet between the solar lines K and L sharply defined, and 
the line for which Cornu bu found the wave-length 2860 very much 
expanded and strongly reversed.” 

We have expended a vast amount of time and trouble over 
vacuous tubes, and our later experiments do but oonfirm the opinion 
which we had previously formed that there is an uncertainty about 
them, their contents and oondition, whioh makes us distrustful of 
conclusions which depend on them. Photographs of the ultra-violet 
spectra given by suoh tubes tell tales of imparities as unexpected as 
they are difficult to avoid. Every tnbe of hydrogen which we have 
examined exhibits the water spectrum more or less, even if matallio 
sodium has been heated in the tube or the gas dried by prolonged 
oontaot with phosphorio oxide. Indeed the only tubes whioh do not 
show the water spectrum have been filled with gases from anhydrous 
materials contained in a part of the tube itself ; and even when tubes 
have been filled with oarbonio acid gas from previously fused sodium 
carbonate and boracio anhydride the water spectrum is hardly aver 
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absent The tat traoes of the ultra violet bands of nitrogen are 
almost a* difficult to be rid of with certainty Irequently unknown 
line* or bauds make their appearance, and the same tube will at 
different tunes exhibit wholly diffeicnt spectra This is especially 
the case with tubes of rarefied gases which oppose much resistance to 
the passage of the electno dischaige each as oxygen 

It is no easy matter to prepare tubes for tbo observation of ultra- 
violet rays to which glass is opaque Our plan is to fit a sort of 
stopper of quarts to an “ end on ’’ tube (tig 1) This Btopper is a 
slightly conical piece of rock crystal with the truncated cuds of the 
cone ground plane and polished It is first fitted to the tube by 
grinding and then cemented in with some vitreous substanoe more 
fusible than glass Formerly we employed sodium metaphosphate 
which answered fairly, but latterly we have used fused silver nitrate 
which is easier to manipulate In any ease it is very difficult to prevent 
the tabes cracking under variation of temperature, but if the tube 
does not crook it is as effectually closed in this way as if it were all 
of one piece of glass It is obvious that nitrogen, oxygen, and stiver 
might be derived from silver nitrate used as cement and might add 
their spectra to those of the other contents of the tube But the 
Btopper does not lie in the direct course of the discharge and we have 
not found that the silver nitrate is in general decomposed The pro- 
ducts of decomposition would at any rate give well known spectra 
The unknown and variable rays we are inclined rather to attribute 
to substances derived from the glass, either products of decomposition 
under the action of the electno discharge, or to matters adherent to 
the surface which become detached under some electno conditions, 
and adhere again when those conditions are changed We have 
photographed the spectrum of one tube which had been filled 
with oxygen several times and exhausted, and whioh gave a well- 
marked spectrum containing a number of rays unknown to ns After 
a tuns other photographs of the same tube showed an entirely 
different spectrum, and after a farther interval the spectrum was 
found to be again entirely changed, and finally after a further 
interval the original spectrum reappeared Changes in the surface 
tension between the glass and Borne adherent film may m this ease 
have facilitated the disengagement of the matter of the film and its 
after re-adberenoe Whatever the oanse, suoh changes of the spectra 
are none the leu confusing and suggestive of caution m drawing our 
inferences from the phenomena of vacuous tabes 
The ultra-violet magnesium' lines which we have observed in 
vacuous tabu with magnesium electrodes, when the induction coil, 
without jar, is employed, are the triplets at X3837, and the lines 
X3852,2802, and 2705 These appear wbethei the residual gas be 
air, oxygen, hydrogen, or carbonic acid When a jar is need we have 
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obtained also the triplet* at Pend S, the pair about X2935 and 2927, 
all the quadruple group near X2802 and the quadruple group beyond, 
and t« one cate only, in oxygen, the group near t, described below, 
and the flame-tnplet near M When no jar is used sometimes only 
X2852 is to bo seen, sometimes X2852 and the strong pair near 
X2802, and sometimes also tho triplet noar L We infer, therefore, 
that this is the order of persistency of theso lines nnder the cir- 
oumsUnces 

We have before remarked upon the necessity of avoiding all rubber 
connexions in the construction of pumps employed m the exhaustion 
of tubes for speotroscopio observation, and we described a modification 
of the Sprengel pump which we had constructed for this end (‘ Roy 
Soo Proo vol 30, p 499) The warnings of unexpected impurities 
given by photographs of the ultra-violet spectra of vacuous tubes 
have shown the necessity of preventing the oontaot of the mcronry 
employed with the dust and moisture of the atmosphere Henoe we 
have used in the experiments described in this paper a mercurial 
pump constructed wholly of glass, and m whioh the same mercury is 
used over and over again without being exposed to any unfiltered air 
For this pump we are indebted to the ingenuity and Bkill in glass- 
blowing of Mr Lennox of the Royal Institution Tho annexed 
figure (2) represents its construction A is a roeeivoir which oom- 
momcatee by tho tube a a, which ascends vertically Borne distance in 
ordei to prevent any mercury being driven into the exhausted tube, 
through the spiral tube M, with the tube to be exhausted B is the 
reservoir of mercury, to the bottom of whioh tho tube gee passes 
through the sealed joint d The upper part of B can be pnt in com- 
mumoation through the three-way cock E, either with the vessel 0 or 
with the outer air through the tube D which is filled with calcium 
chloride 0 forms a mercury valve, and at its upper part communi- 
cates through the stop< ock F with an exhaust pump by which the 
pressure of the gas in C can be quickly reduced to a few millimetres 
of mercury When this has been done, the three way cook E is 
turned so as to cut off the communication between B and 0 and open 
that between B and D The pressure of the air filtered through D 
forces the meroury in B up tho tube e until it fills A and the whole 
apparatus, as high as the bend e, driving all gas before it through the 
tube f and through the mercury valve 0, whence it is earned off by the 
exhaust The tube g is very nairow so as to oppose resistance to the 
passage of the mercury whereby A is filled with mercury as quickly 
mg As soon as the last bubble of gas has been dnven out of /, the 
three-way cook E is turned so ss to shut the communication with D 
and open that between B and 0 As the pressure of the air on the 
surface of the mercury in B diminishes the meroury falls both in A 
and m /, leaving a Torricellian vaouum above it, and, as soon as it 
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ha* fallen below the ond of the tube a, the gas in the tube to be ex- 
hauated expanda into A. The same process is then gone thromgh 
again and again, whereby the whole gaseous contents of A are each 
time removed, and if the volumo of A be large compared with that 
of the tube to be exhausted, the pressure of the gas in the latter is 
Tory quickly reduced. The bends bbb retain a little mercury when A 
is exhausted, and prevent any diffusion from o into A, and from / into 
e. Each time the mercury fills the apparatus a small quantity flows 
over into C, but when it has risen above the opening of the tube 
connecting C and B, it passes back into B, when tho cock E is turned 
so as to open the communication between C and B. 


m. xx.it. 
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Group near t. 

In their lint of line* in the spectrum of magnetism (* PUL Trans-,’ 
1884, p. 05) Messrs. Hartley and Adeney have given two line*, 
3*8071-6 and X3046 0, which we had not heretofore observed either 
in the spectrum of the flame, arc, or spark of magnesium i bat in our 
feoent observations we hate noticed in many oases a well-marked line 
Which, by interpolation between neighbouring iron lines, appears to 
hare a wave-length about 8073*6, and a pair of narrow hands sharply 
defined on then* lees refrangible aides at wave-lengths about 3050*6 
and 3046 7, and fading away on their more refrangible side*. 

We have little doubt that the lines we have observed are identical 
With those given by Messrs. Hartley and Adeney, notwithstanding 
that there is a much greater discrepancy between the wave-lengths 
assigned by them and by na than there is between the wave-lengths 
we have respectively found for the iron lines in the same neighbour- 
hood. 

We have noticed the occurrence of this group in the epeotrum of 
the arc from a Siemens’ dynamo between magnesium electrodes in a 
variety of gases, in all in fact in which we hav£ examined the arc, 
exoept in sulphurous acid gas which is opaque to rays of this re- 
frangibility. Also in the arc from a De Meri tens’ magneto -electric 
machine between magnesium electrodes in air, in the flash of a mag- 
nesium ribbon dissipated by the discharge of a storage battery, in the 
spark of an induction coil worked in the usual way in air and in 
hydrogen at atmospherio pressure, and in one instanoe in the epeotmm 
of an oxygen vacuous tube with magnesium electrodes when a Leyden 
jar was connected with the secondary wire of the induction ooil. 

On the other hand, we do not see this group in the spectrum of 
Other vacuous tubes with magnesium electrodes or with magnesia in 
the tube, nor in the spark from an induction ooil in air or hydrogen 
at atmospheric pressure when the coil is worked with a De Mentens’ 
machine on the primary wire, nor in the flame of burning magnesium, 
nor in the oxyhjdrogen flame with magnosia or magnesium chloride, 
nor in the arc between carbon electrodes in a crumble of magnesia. 

The circumstances under which this group is seen and is not seen, 
do not seem to indicate that its emission is connected with any par- 
ticular temperatures so muoh as with the character of the electric 
discharge, and perhaps also with the density of the magnesium 
vapour. 
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“On the Coagulation of the Blood.” Preliminary Communi- 
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The theory to aooount for tho coagulation of the blood which is 
most generally accepted at the present day is that of Hammarsten ; 
be teaches that coagulation is dependent upon the conversion of a 
proteid ffpbatanoe, fibrinogen, which exists m solution in the plasma, 
into fibrin by means of a ferment liberated by the disintegration of 
the white blood corpuscles which occurs when tho blood leaves the 
living blood- vesselB. This theory has replaced the older one of Al. 
Schmidt, who taught that fibrin is formed by the union of two fibrin- 
generators, one of which is tho fibrinogen just mentioned, and the 
other of which be called fibrinoplastio substance or paraglobulin ; this 
union, moreover, occurs under the influence of a third factor, the 
fibrin ferment.* Hammarstenf showed that paraglobulin, or as it is 
now more generally called serum globulin, is not necessary for the 
formation of fibrin. 

The present research was directed to determining tho nature of the 
ferment that produces this change in fibrinogen. The result at whioh 
t hare arrived is sufficiently definite to warrant a preliminary statement 
of the faots observed ; the full details of the experiments, as well aa 
those of certain othera whioh aro at present in progress, will he 
reserved for a later communication. 

I will first briefly relate some preliminary experiments} whioh had 
* • PflOgsr’i Arohir,’ vol. 6, p. 418 «t «f. 
t IMA, voL 14, p. 811, 17, p. 418, 18, p. 88, 19, p. 568. 
t An aooount of mas of these preliminary experiments u oontained in the report 
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for their object a separatum and recognition of the vanona proteida 
contained in lymph cells An animal (generally a cat) was chloro- 
formed and killed by bleeding from the carotids, the thorax was 
quickly opened, and a cannula inserted in the aoita , a stream of salt 
solution ({ per cent ) at considerable pressure was passed through the 
vessels by tins means in about a minute the large reins entering the 
heart were opened and the mixture of blood and saline solution 
allowed to escapo When the fluid came through perfectly colourless, 
the abdominal glands were removed, freed from then capsules, cat 
into small pieces and ground up in a mortar with saline solution, any 
portions of the gland capsules whioh still remained were removed, and 
the fluid with the cells suspended m it was poured into test tubes, the 
cells settled, and the process of settling was hastened by oentnfuga- 
lising the supornatant liquid was poured off and the cells again 
washed with saline solution in the same way By this method the 
cells were quickly treed from any lymph that might still have been in 
contact with them 

Microscopical examination showed that they still possessed their 
normal appeaiances except for a small amount of shrinkage The 
supernatant Haline liquid was fonnd to contain in small quantities the 
pioteids which were afterwaids fonnd in the cells a certain amount 
of their proteid constituents having thus entered mto solution 

The liquid which was found best for dissolving the proteida of the 
lymph cells thus obtained was prepared by mixing a saturated solution 
of magnesium sulphate with nine times its volume of distilled water, 
and the proteida present in each an extract weie as follows — 

1 A mucin like proteid similar to that described by Miesoher* in 
pus which swells up into a jolly like Buhstance when mixed with solu- 
tions of sodium chloride or magnesium sulphate 

2 Two globulins 

3 An albumin 

It will be convenient to take these proteida one by one, and describe 
the chief pioperties of each 

1 The Mucw like Proteid —If the colls aro extracted with a 5 per 
cent sodium ohlonde or magnesium sulphate solution, the result- is a 
slimy mass, resembling mucus in appearance The proteid which 
causes this appearanoe may he obtained pure by pounng this mixture 
into a large excess of distilled water , this peculiar proteid then 
extends in cohesive stnngs throughout the water, which in time con- 
tract and float on the top, and may be then thoroughly washed with 
distilled water The following are its chief properties , it is insoluble 
in water, slightly solnble in | per cent saline solution, as shown by 
of a committee appointed by the Bntuh AwocuUke to invert gate the pbynology of 
the lymphatic ayatem ( Bnt Anoc Bep ' 1887 p 146) 

* Hoppe Seyler’a ' Med. Chem Untenuehun|en ’ p 441 
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tie feet that inch a eolation becomes (limy when the proportion of 
■alt is increased to 5 per cent It is also slightly soluble in the sodium 
sulphate solution used When this proteid is suspended in water or 
■alt solution the muons-liko strings shnnk at about 50° 0 ,and can be 
easily filtered off In the case of sodium sulphate extracts of the 
glands, it is apparently earned down with the globulin that coagulates 
at that temperature Satniation with noutial salts, Bodium ohlonde, 
magnesium sulphate, and especially ammonium sulphate, causes also 
shrinkage of the swollen masses, and renders hltrataon easier It is 
precipitable by absolnte alcohol, basic lead acetate, and by solntion of 
tannin It is precipitated by acehc acid in strings like mucin, like 
mucin also it is soluble in baryta or hmo-water, fiom which solution 
it is again procipitablo by acetic acid, and only soluble inconsiderable 
excess of that reagent 

This substance, however, is not mnetn, as prolonged boiling with 
sulphnnc acid does not causo it to yield any reducing sugar It is 
also not nuclein of which tho cell nuclei aie mado up, as thB nuclei 
are not attaoked by snob reagents as } per oent sodium chloride in 
which this substance is slightly soluble It, however, like nnolcin, 
yields an ash which is rich in phosphorus , it dissolves m 0 2 per cent 
hydrochloric acid, and on adding popsm to this solntion an insoluble 
residue neh in phosphorus separates out Otherwise this substance 
has the nature of a globulm, but ono which is much more readily 
precipitated by neutral salts than most globulins are , a proportion of 
5 per oent. of sodium chloride for instance in its solutions rendering 
it insoluble, but the precipitate so produced is not of the usual fine 
fiooonlent character, but a slimy mucus like one In all these points 
this proteid losemblos in its characters a class of proteids which have 
been recently named “ nuoleo albumins ” by Hammarsttn * He has 
separated those mucin like globulins from tho bile, and from synovial 
fluid where they have long been mistaken for mucin, and fiom the 
oells of tho snbmaxillary gland, which contain, however, truo mucin 
m addition 

2 The Qlobuhns — There is a small quantity of a globulm which 
enters into the oondition of a heat coagnlnm at about 50° 0 The 
most abundant globulm is, however, ono which resembles swum 
globulin m its heat ooagulation temperature (75° C ), and m the way 
in which it is precipitated by saturation with salts, or by dialysing oat 
the salts from its solutions 

The term serum globulm is hardly applicable to a proteid existing 
in lymph cells , hence it is necessary to multiply terms, and to desig- 
nate this globulm by a new name, vis , oell globulin It has, more- 
over, certain characteristic properties which will be fully dealt with 
later on 

* 1 Zettschr Physiol Chem ’ rol 18, p 168 
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3. The Albumin resembles serum albumin in its properties. Ii 
coagulates at 73° 0. It is present in very small quantities. It may 
be provisionally termed cell albumin. 

In concluding this account of the proteida of lymph cells, I may 
add that no snhstanee litre myosin or fibrin can be obtained from th» 
oells; there is, however, a formation of sarkolactio acid after death as 
in mnsele; and if the glands be left, especially at the temperature of 
the body, for some hours after death, a process of self-digestion takes 
place, the pepsin present in the glands as it is in most tissues (Brfieke) 
becoming active when tho reaction of the tissue becomes acid ; nnder 
those circumstances there is in addition to tho proteids already 
enumerated a small and varying amount of albnmoses and peptones. 

Having thas roongnisod the various proteids that occur in the cells 
of lymphatio glands, my next endeavour was to ascertain what action, 
if any, these exerted on the coagulation of the blood. My experi- 
ment* in this direction have been mostly performed with salted plasma. 
The blood is received into an approximately oqual volume of saturated 
sodium sulphate solution. By this means ooagulation is prevented, 
and the corpuscles settle. On subsequently removing the snpernataot 
salted plasma, and diluting it with four or five times its bulk of water, 
coagulation occurs after the lapse usually of several hours ; but if, 
instead of water, a solution of fibrin ferment be used, coagulation 
oocnrs in a few minutes. 

I first tried to prepare fibrin ferment from the lymphatio glands t 
these were freed from blood, chopped small, and placed nnder absolute 
aloohol for some months ; they were then dried over sulphuric acid, 
powdered, and tlie dry powder extracted with wator. The water was 
found to oontain the fibrin ferment. It has ton od very considerably the 
ooagulation of salted plasma. This activity was destroyed at a tem- 
perature between 74* C. and 80° 0. The watery extraot gave, more- 
over, tho xanthoproteio reaction; it contained also some sodium 
chloride and phosphates which it had dissolved out of the dried 
glands. 

A watery or saline extract of fresh glands also had, very considerable 
dotting powers ;• that is to say, the addition of a few dropq of snob 
an extraot caused diluted salted plasma to clot in a few minutes, 
which otherwise did not dot until after the lapse of 12—84 hours. 
The activity of this extraot was not altered by halting to 70° ; it was 
therefore independent of the nuoleo- albumin whioh is disintegrated 
at about 00° 0., or of the globulin whioh ooagulates at that tem- 
perature. Its activity was destroyed, however, if heated above 75° 0. 
These facts show that the extracts of both dried and fresh glands 
oontain a snbstsnoe which has the same properties as fibrin ferment, 

* I find that this fact baa been prerloualjr noted by Bauaohenbseb, 1 Inaug.- 

lWaeert.,’ Dorpat, 1888, p. 26, 
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and which moreover, is rendered inactive at the temperature at 
which fibrin ferment, as ordinarily prepaiod from serum, loses its 
activity 

The next qnestion which I investigated was whether the ferment 
action was dependent upon or independent of tho presence of the 
proteids of the cells An extraot of the cellB was made with sodium 
sulphate solution and saturated with ammonium sulphate the pre- 
cipitate of the proteids so produced was filtered off the proteid free 
filtrate dialysed till fioe fiom exoess of salt * and it was then found 
to have no power of hastening coagulation The precipitate which 
contained all tho proteids was washod by saturated solution of ammo- 
nium sulphate and redissolved by adding distilled water (Silntaon A), 
this solution hastened the coagulation of salted plasma very con 
sidembly This experiment showed eithor that tho ferment was 
llentical with or precipitated with the proteids in the extiact It 
was moreover destroyed at a temperature at which these proteids 
were ooagulated vis about 75° 0 thoro aie however inSsilnlionA 
two proteids which are ooagulated at about this temporatuie vis 
the cell globulin an 1 the oell albumin These weie scpaiatod by 
saturating the solution with magnesium sulphate the globulin was 
precipitated washed and redissolved by adding water (Solution B) 
The filtrate from this precipitate was dialysed till free from salt 
(Solution C) Solution B was duilysed until nearly free from salt 
but not sufficiently free to oauso precipitation of the globulin , it was 
divided into two equal parts B and B B underwent no further 
treatment B was dialysed till tho globulin was precipitated tho 
globulin was then filtered off washed with distilled water the pre- 
cipitate dissolved ra 01 per cent sodium chloride solution (Solu- 
tion D) The solution B minut the globulin precipitated by dialysis 
still oontamod a small quantity of globulin, this may bo called 
Solution B 

The influence of each of these solutions on dilute salted plasma was 
then investigated The results may be summarised as follows — • 
Solution 0 (containing on^y oell albumin) did not hasten the ooagu 
latum of salted plasma, but in some eases even caused delay 

Solution B (< ontaimng only oell globnlin) hastened very considers- 
My the ooegulation of Buch plasma 
Solution E (containing very little cell globulin) hastened the coagu- 
lation to a slight extent 

Solution B (containing the cell globulin precipitated from Sola 
tion B by dialysis) hastened the coagulation considerably 
These experiments show that it is not the albumin but the globulin 
* Dus experiment end the other* in whioh dlalyus was employed -were carried 
out u the mid winter month* and thymol wsa always added to pretent putrs 
faction 
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whioh has the properties of fibrin ferment. It might be urged that 
the ferment is not identical with the globulin, bat is only closely 
associated with it. Saoh an objection seems to me to bo a mere splitting 
of hairs. If the fermont is so closely associated with the globulin 
that none of the methods used of preparing the globulin pure are 
capable of separating it from the ferment, and if, moreover, the 
activity of the ferment is destroyed when the distinctive characters 
of the globulin are destroyed, as by heating to 75° Q., then we are not 
justified in saying that the globnlin is different from the ferment, 
until some method is shown by which they may be separated. 

After I had performed tlio experiments jnst related, the qnestion 
naturally arose, is this cell globnlin tho same thing as what has been 
termed fibrin ferment when prepared from serum P Tho experiments 
that I performed in attempting to find an answer to this question 
wero as follows — 

A large quantity of oat's serum was taken, and to it was added 
10 to 15 times its volume of absolute alcohol. The resalting precipi- 
tate was allowed to stand under the alcohol for about three months ; 
the alcohol was then filtered off, and the precipitate dried over sul- 
phuric acid and powdered. On extracting thiB powder with water, 
especially with warm water, a very actiee preparation of fibrin ferment 
was obtainod. Like all preparations of the fibrin ferment, it gave tho 
xanthoproteic reaction, but sufficient protoid was not present to enable 
one to identify it. The extract was therefore concentrated at 40* 0.; it 
was then found to contain a proteid which was coagulated by heat at 
75’ C. It was precipitated by dialysing out the salts from its solutions, 
and it was also precipitated by saturation with magnesium sulphate ;• 
the precipitate produced by magnesium sulphate was collected, washed 
with a saturated solution of magnesium sulphate, and redissdved by 
the addition of water, the adherent salt rendering it soluble. This 
solution has very marked ferment properties ; it hastened the coagu- 
lation of salted plasma ; it caused pericardial fluid to clot rapidly , and 
it also hastened the ooagulation of pure plasma obtained from the 
jugular vein of the horse. This last-mentioned experiment is of 
oapecial importance, as hore the plasma was unmixed with any foreign 
snbstanoe. The jugular vein of a horse was removed after being 
ligatured in two plaoes to prevent tho blood escaping; the "living 
test-tube ” was suspended in a cold place over night, and in the 
morning the corpuscles had subsided ; the plasma above these was 
almost free from corpuscles ; and when removed from top of the vein 
by a pipette did not olot for about half an hour at the temperature of 
the air (11° C.) ; bnt a similar portion to whioh a few drops of 

• After filtering off the precipitate produced by mignotium sulphate, the filtrate 
contained the merest trace of proteid, and on dialyimg away the exoeee of salt, it 
was found to have lost all the properties of fibrin ferment. 
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the ferment globulin had been added ooagulated in about two 
minutes 

The question will be aakod, how is it if the feiment is a globulin it 
can be extracted by means of distilled watei from the foment powder f 
The answer to that question is that the water is enabled to dissolve 
tho globulin by a portion of the salts, especially sodium chlonde, in 
the foment powder entering into solution at the same time That 
this is the correct answer was shown by the following experiment — 
A quantity of the feiment powdor was subjected to prolonged washing 
with warn (40° C ) distil Iod water it was then suspended m water, 
and dialysed for three weeks, thymol being added to prevent decom- 
position At the end of this time it was dried over sulphuric aud , 
it was then found that warm water was able to extract only the 
faintest trace of proteid from the powder, and that this extract had 
little or no ferment action while an oxtract of the same powdei with 
a 0 3 poi cent sodium chloride solution contained much more proteid 
and had powerful ferment properties 

Seram globulin prepared from sheep s and horses serum by re- 
peated precipitation with magnesium sulphate, and finally by dialyBis, 
was found to possess powerful ferment properties this entirely con 
firms A1 Schmidts statement that he has been unable to picparo 
from serum flbrinoplastic substance free from foment • This is 
easily explained when one considers that serum globnlin as prepared 
from sernm contains a certain admixture of cell globnlin dorivtd from 
the disintegration of white blood corpuscles , and this is precipitated 
with the globnlin which pre existed in the blood plasma On tho other 
hand, sornm globulin prepared from a liquid like hydrocele fluid which 
does not coagulate spontaneously, has no such ferment properties 
This confirms Ham mars ten a statement that ho has obtained from 
hydrocele fluid a pure paraglobulin free from foment, and which 
exerted no fibrmoplastic activity 

I will here quote a typical experiment which brings out the fibnno- 
plaetio properties of globulin prepared from serum, and the absence 
of snch properties in tho globulin prepared from hydrocele fluid — 

Ox sodium sulphate plasma was diluted with four tames its volumo 
of liquid in each of the succeeding experiments , the diluted plasma 
was then divided into two parts, one part was kept at the temperature 
of the air (14° 0 ), the other at the temperature of 40 s 0 in an incu- 
bator 

Thus the plasma which was diluted with a saline solution of globulin 
from hydrocele fluid, ooagulated at approximately the same tune as 
that in which the saline solution alone was employed as the diluent, 

* I have also confirmed Schmidt • statement that serum globulin (Schmidt's 
which u precipitated by a stream of earbomo aetd, has 
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1. 0'S per cent, NnCl solution. 

8. Globulin from hone serum dissolved 

0’S nor cent. NaCl solution 

8, Globulin from hydrocele fluid in 0 S 
per cent NnCl solution 

At 14“ 0. 

In 46 minutes 

„ 10 „ * 

47 „ 

At«“C. 

In 90 minutes. 
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while * specimen diluted with a saline solution of globulin from serum 
coagulated in about one-fifth of that time. The explanation of this 
difference in the action of the serum globulin as derivod from these 
two sources is perfectly clear in the light of the foregoing researches 
in the ferment powers of ooll globulin. 

The serum globulin from hydrooole fluid contains no ferment, 
because it contains pure scram globulin and no cell globulin. 

The serum globulin obtained from serum contains in addition to 
tho serum globulin that existed in the blood plasma, a certain quantity 
of cell globulin formed by the disintegration of white corpuscles. 

Both Schmidt and Hammarsten have recognised the fact that the 
amount of globulin in the serum was groator than in the plasma, and 
tliat this extra amount was derived from the white blood corpuscles. 
The object of this paper is to point out that this extra globulin derivod 
from the whito corpuscles is in reality fibrin ferment. I may here 
mention that examination of the ash of this substance shows that it 
contains no phosphorus. 

Preparations of serum from which the globulin had been removed 
by saturation with magnesium sulphate, and the excess of salt by 
dialysis, were found to have no ferment activity at all. Schmidt 
found that serum minus its globulin (precipitated by a stream of car- 
bonic anhydride) has very little ferment activity j the explanation of 
ita still possessing any is that carbonic acid does not completely pre- 
cipitate the globulin. When, however, tho globulin is completely 
removed by magnesium Bulphate, all ferment activity is completely 
removed also. 

An extract of “ washod blood dot ” was found by Buchanan* to 
hasten the formation of fibrin. Gamgee,f on repeating Buchanan’s 
experiments, concluded that the substanoe in saline extracts of fibrin 
which had the powers of fibrin ferment was a globulin ; and this view 
entirely coincides with the oonolusions I have arrived at. In a few 
experiments in which I have used a 6 per cent, magnesium sulphate 
extraot of fibrin, I obtained in the extract a globulin which ha* all 
• ‘ London Medical Guette/ voL 18, p, 60, 
t ' Journal of Physiology/ 1879. 
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tile properties of fibrin fermefat which coagulates at 75° C , and agrees 
m all other particulars with the substance I have named cell globulin 
It is derived doubtless from the white corpuscles entangled in the 
clot Lea and Green * who repeated Qamgoo s oxpciimente came to 
somewhat opposite conclusions they howover mver i binned the 
ferment free from protoi 1 bat they com ladtd it was not agltbuhn 
as it was soluble in distilled water they admitted howevtr that it 
was muih more soluble in salmo solutions reulmg these experiments 
in the light of a more recent paper by one of them f it is t vi lent that 
they were dealing m large measure with calcium sulphate a Ralt 
which has considerable powers of aiding the activity of the hbrm 
fu raent 

The final oonclusions that are to be drawn from these researches 
are as fallows - 

1 Lymph colls yield as one of thur disintegration products a glo- 
bulin which may be called cell globulin This has tho proportios that 
have bitheito Ixen ascribed to fibim ferment 

i hi brm fermont as extracted from tbc diiod alcoholio precipitate 
of blood sex urn is found on concentration to be a globulin with the 
properties of cell glibnlin 

3 Tho fihtin ferment as extracted by saline solnt ons fr m washed 
blood clot is a globulin which is also identical with cell globulin 

4 Serum globulin as prepared from hjdiocelo fluid has no fibnno- 
plastio properties It may perhaps better be termed plasma glo- 
bulin 

5 Sei nm globulin as prepared from serum baa marked fibnnoplastio 
properties Tina is because it consists of plasma globulin and cell 
globulin derived fiom the disintegration of white blood corpuscles, 
which are m origin lymph cells 

6 The oause of the coagulation of the blood is primarily the dis 
integration of the white blood corpuscles they liberate cell globulin 
which acta as a ferment converting fibrinogen into flbnn It does 
not apparently become a constituent part of the fibiin formed 

This confirmation and amplification of Hammarsten s views con- 
cerning the oauso of the coagulation of the blood is in direct opposi- 
tion to the theories of Wooldridge My methods have not been the 
same as those adopted by Wooldridge, but the final conclusions are so 
different, that it is necessary I should state my reasons for not 
accepting his views, nor adopting his methods Wooldridge s theory 
may be stated as follows {—The coagulation of the blood is a phe- 
nomenon essentially similar to crystallisation in the plasma there 
are three constituents concerned m coagulation, A, B, and C fibrinogen 
• Tourn of Physiol ’ vol 4 p 880 
t Green,' Journ of Physiol vol 8 p 868, 

J Croonian Lecture, Boyal Society, 1880 
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A and B fibrinogen are compounds of ledthin and proteid, and fibrin 
resalts from the transference of the lecithin from A fibrinogen to B 
fibrinogen. C fibrinogen is nr bat has hitherto been called fibrinogen] 
A fibrinogen is a snbstanoe which may be precipitated by oooling 
“ peptone plasma,” and on the removal of this substance coagulation 
oocurs with great difficulty. The precipitate produced by cold con- 
sists of rounded bodies resembling the blood-platos in appearance. 
Ho further found that other compounds of leoithin and proteid to 
which he has extended the name of hbrmogen exist in the testis, 
thymus, and other organs, in the flmd of lymph glands, and in the 
stromata of red corpuscles ; these substances may be extracted from 
the organs by water, and precipitated from the aqueous extract by 
acetioacid, and on rediasolvmg this in a saline solution, and injectiug 
it into the circulation of a living animal, intravascular clotting oocurs 
which rosults in the death of the animal. This form of fibrinogen (?) 
that acts thus he looks upon as the precursor of A fibrinogen. From 
these points of view the fibrin ferment and the white corpuscles are 
looked upon as of secondary import in causing coagulation, though it 
is admitted that fibrin ferment converts C fibrinogen into fibnn. 

In a more recent paper* those fibrinogens are somewhat differently 
lettered , B fibrinogen seems to have disappeared, and C fibrinogen 
now receives that name. 

I have been carefully through all Wooldridge’s papers, and I have 
by examination of the statements made therein, and by a few test 
experiments of my own, come to tho conclusion that the theory is 
untenable; I will take up the chief facts upon which the theory 
rests, one by one. 

1. The Influence of Lecithin i» the OoiigulcUion of the Blood . — 
Leoithui hastens the coagulation of blood- plasma, which has been pre- 
vented from dotting by the injection into the droulation of a certain 
quantity of commercial peptone f The term “ peptone plasma ” is a 
convenient one to retain, though it must be remembered that it is 
not the peptone in it that has tho action in question, bnt the albu- 
moses, and especially beteroalbumoae.J Wooldridgeg also fonnd by 
receiving the blood of a dog into a thick emulsion of lecithin coagu- 
lation occurred more quickly than when it was received into a corre- 
sponding quantity of saline solution. 

It is upon these experiments that the theory that lecithin is the 
essential cause of the coagnlation depends. I am Tory little inclined 

• Ludwig's • Festschrift,’ p. Ml. 

t Wooldridge, ‘ Journ. of PhysioL,’ rol. 4, p. 226, 

J Pollitser, ' journ. of Physiol ,' voL 7, p. 282. Pollitier also found that those 
protests also delayed the coagulation of blood after it wee shed. I hare found them 
to cause a similar delay in the dotting of dilute wlted plasma. 

| * Journ. of Physiol., 1 vol. 4, p. 867. 
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to place reliance on the experiments on dog’s blood just quoted as he 
finds it necessary to use an emulsion as thick as milk to produce the 
effect and it is well known that contact with any foreign matter, espe 
oially if it is finelj divided will hasten ooagulati in and it oannot be 
supposed that sufficient lecithin is normally concerned in forming fibrin 
as to cadse a thick emulsion like this Moron or addition of lecithin 
does not oansc the dotting of pericardial fluid of hydrocele fluid of 
solutions of fibi inogen * of dilute salted plasma f and I am not aware 
that it has been tned on pm a plasma obtained by the living test tube 
exjitnmeut It then simply hastens the coagulation of peptone 
plasma and peptono plasma, as T shall show more fully in the next 
section differs so much fi om normal plasma that it is impossibh 
to draw collect conclusions from experiments pcrfoimod with it 
unless they be supported by confirmatory evidence on solutions of 
fibrinogen and pure plasma such as ono obtains from a vein or from 
the pericardial sac 

The solutions of lecithin used were admittedly impure $ and it is 
possible that there was present a ceitam amount of calcium snlphatc 
even if there was no fibnn ferment Bnt supposing it was the 
lecithin and not the impurities that hastened the coagulation m 
question, it must be remembered that many other oigamc an l 
inorganic substanoes act similoily thus Nauck§ has shown that 
small quantities of glycin unc acid, do , as well as lecithin hasten 
coagulation, and Green|| that calcium sulphate does so also But it is 
not concluded from those observations tliat these are the chief agents 
in bringing about the ooagulation of the blood I have found that 
cell globulin oontains no phosphorus and Wooldridge admits^ that 
Schmidts ferment is free from lecithin On the very samo pag< 
however he accounts for the loss of tho activity of fabnn fei ment 
which was observed to take placo by Hammarstcn when it was kept 
long under aloohol, as being due to removal of lecithin •* 

The supposition that " fibrinogen A aots by giving np its looithin 
to “ fibrinogen B” to foim fibnn, seems, therefoie, to be a pure 
assumption, and so far as I can find is unsupported by any analytical 
evidence Wooldndge has oertainly shown that the fibrinogens (?) he 
obtains from tissues contain phosphorus, but to this point I shall 
return later 

• ‘ Journ of Phynol * vol 4 p 869 
t Private oommumcatoon to the author 
t ‘ Journ of Phyuol vol 4 p 869 
| ‘ Inaug D u e art ,’ Dorpet 1886 
| Loc mi 

5 * Journ of Phytlol ,’ p 880 

M Thu low of activity u well explained by my theory by tuppoemg that the 
longer cell globulin u kept under aloohol the more uuoluble m water doe* it become 
'ike all other proMde 
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< 2 The Precipitate produced by cooling Peptone Platma (Wooldridge's 

fibrinogen A) — The occurrence of this pienpitate is evidently 
regarded by Wooldudge as one of the most important facts upon 
vrhioh his theory is founded Here again, 1 am willing to concede 
tho fact observed, bat diffei from Wooldridge with regard to its 
interpretation The chief point L wish to urge is that this precipitate 
is obtained on cooling peptone plasma only, and from no othci foim of 
plasma 1 have repeatedly attempted to obtain such a precipitate by 
cooling to 0°C pure plasma from tho veins of the horse,* salted plasma 
preparod by mixing blood with various propoi tions of different salts, 
hydrotelo fluid, and poncaidial fluid, but in all cases with a negative 
result It, therefore, occms in peptone plasma alone and that it is 
due to the peptone is snppoitod by the faot that if ono takes an aquoous 
solution of ‘Witte a peptone and cools it to 0° C , a precipitato is 
fotmed consisting of locnded granule*, which were mistaken undei 
the microscope by several fncnls in tho laboratory for blood tablets 
T, moreover found that this precipitate consists ot hoteroalbumoae 
and when that substance (which as Neumeistert has shown is more 
soluble in wntor than has been hitheito supposed) has been lemovod 
by dialysis and bltiation the remaining albumosea and piptones ate 
not precipitated by cold The precipitate of heteroalbumosc, whu li 
is obtain* d by dialysis of sahno solutions of “Witte’s peptone,' also 
consists of similar tounded granules 

Peptone plasma it may be said, does not contain p*ptone or 
albumoses , oi rather that it is difhenlt to discovei them in “ pepto- 
nieed blood ’’ It is undoubtedly difficult, because they are piesent 
m snoh small propoi tion that they aie obscured by the overwhelmingly 
large amount of globulin and albumin present But as NeumeisterJ 
has shown that they are, after injection into the circulation, excreted 
by the kidneys, wo must also conclude that they exist as such for a 
time in the blood 

How their pnsence there prevents coagulation it is difficult to 
say, it m possiblo that they may cause by their presenoo a change m 
the normal proteida of the blood that prevents the foimation of or 
the action of the fibrin ferment That peptone blood does differ in 
one ether important particular from normal blood, vir , in the heat 
coagulation temperatures of its proteids, was shown by Wooldridge 
* I hare found that if the plasma is completely frown that on subsequently 
thawing it, ooagulatum sets m very quickly (in 10—80 seconds) | this is probably 
due to the crystals of ice breaking np the white corpuscles, many of which still float 
in the plasma Ifauok also has noted this and gives a similar explanation (lot ext 
p 80) After removing these by oentnfugahnng for two boors in vessels surrounded 
by loe no suoh phenomenon occurs, and dotting does not set in for fully fifteen 
minutes after thawing 
t ' Zeitechr Biol vol 84, p 860 
t IM sol 84 p 881 ft teq 
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himiwlf.* It in on these grounds, then, that I hold we cannot regard 
peptone plasma as being at all comparable to normal plasma. 

With the removal of “ fibrinogen A ” the whole onmplex theory as 
formulated by Wooldridge falls to the ground ; and we are left with 
“fibrinogen B" of the later oommuniwition, which is Hammarsten’s 
fibrinogen. It is advisable to confine Btrictly the use of tho torn 
“ fibrinogen ” to this substance. 

3. Intrai'ascvbir Coagulation — Under this heading my remarks will 
be of the nature of criticism only. No doubt the ernde and impure 
substance (for there is no attempt at purification, separation, or iden- 
tification) introduced into the veins produces intravascular clotting ; 
but I must protest against the extension of the namo fibrinogen to 
such substances It seems to me it would In* just as correct to call a 
pieoe of iron wire introduced into the sao of an aneurysm to produce 
coagulation there, a fibrinogen. 

Some of Wooldridge’s experiments under this head have been 
repeatod by Kruger ;t be finds, m opposition to Wooldridge, that 
leucocytes themselves produce intravascular clotting (which would 
agree perfectly well with the cell globulin theory), and also that the 
stromata of red corpuscles, which probably oontain the same con- 
stituents in great measure rh the white corpuscles, act similarly; 
other experiments have led him to the conclusion that it is the cor- 
puscular elements that play the chief part in the coagulation, both 
witbin and without the body. He entirely negatives tho statement 
of Wooldridge th^t the fluid of the lymph gland produces this effect, 
and any slight action it may have ih accounted for by tho prosonco of 
some leuoocytes, which are exceedingly difficult to removo completely, 
even by centrifugalising. 

• To return, however, to these tissue fibrinogens of Wooldridge, I 
think we may venture to offer a suggestion as to their real nature, or, 
at any rate, as to the nature of one of their constituents. From the 
last paper published by Wooldridgo.J we find that they are ini per- 
fectly soluble in water, roadily precipitated by acids, and soluble in 
exoess of those reagents. That they yield on gRstrio digestion a sub- 
stanoe which iB insoluble and which is rich in phosphorus. From 
these details of their properties, I think, we may draw the conclu- 
sion not that they oontain leoithin, as Wooldridge affirms, but that 
they belong to the group of proteids described in the former part of 
this paper under Hammarsten's name of nucloo-albumin. Nuoleo- 
a'buming yield when poured into water a stringypreoipitate resem- 
bling mnein, and in a former paper Wooldridge§ speaks of the preci- 
• ' Roy. Boo. Proo.,’ vol* 38, 1886, p. JW3. 
t 'ZeitMhr. Biol.,’ vol. 2t, p. 189 et mj. 

I ' Roy. Boo. Proo.,' vol. 43, 1888, p. 887. 

} Ibid,, vol. 40, 1888, p. 184, 


von. luv. 
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pitote of his tissue fibrinogen (precipitated by aoetto acid) u being a 
bulky one If my conjeotuM u oorroct, it would be exceedingly likely 
that when a saline solution of snoh a snbstanoe was injected into the 
circulation, it would form strings of a slimy mnomoid description m 
the Teasels, and that these would form the starting-point for the 
thrombosis or intravascular ooagulatuon that ensues 


June 7, 1888 

The Annual Meeting for the Election of Fellows was held this day. 

Professor 0 G STOKES, D C L , President, in the Chair 

The Statutes relating to the eleotion of Follows having been road, 
Sir William Bowman and Dr Gladstone weie, with the consent of the 
Society, nominated Scru titers to assist the Secretaries in examining 
the lists 

The votes of tho Follows present were then collected, and tho fol- 
lowing candidates were declared duly elected into the Society — 


Andrews, Thomas, F E S E 
Bottomloy, James ihomson, if A 
Boys, Charles Vernon 
Church, Arthur Herbert M A 
Greenhill, Professor Allred 
George, M A 

Jervois, Sir William Francis 
Drummond Lieut Gen EE 
Lap worth, Piofessor Charles, 
LLD 


Parker, Professor T Jeffety 
Poyntmg, Piofessor John Henry, 
M A 

Ramsay Professor William, Ph D 
Teale, Thomas Fridgtn F R 0 S 
Topley, William, F G S 
Trimen, Henry, M B 
Ward, Professor Hemy Marshall, 
MA 

White, William Henry, MICE 


Ee-elccted 

Clarke, Alexander Ross, Colonel R E 


Thanks were given to the Scrutators, 
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June 7, 1888. 

Professor G. G. STOKES, D.C.L., Prosidont, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read : — 

I.* “Note on some of tho Motor Functions of curtain Cranial 
Nerves (V, VII, IX, X, XI, XII), and of the three first 
Cervical Nerves, in the Monkey ( Macacus sinicus)." By 
Charles E. Beevor, M.D., F.R.C.P., and Victor Horsley, 
B.S.. F.R.S. (From the Laboratory of the Brown Institution). 
Received May 16, 1888. 

In the coarse of an investigation which we are making into the 
cortical representation of the muscles of the mouth and throat, we 
-have experienced considerable) difficulty in describing oorrectly the 
movements of these parts, especially when there was any question of 
bilateral action occurring. 

On referring to text-books we failed to find any solntion of this 
difficulty, and we therefore determined to make a few observations of 
the movements evoked by stimulating the sevoral cranial nerves 
supplying this region in tho monkey t so as to have a definite basis 
whereon to groand onr observations of the movements obtained by 
stimulating the cortex. 

In the course of thiB work we have observed several facts which do 
not harmoniBo with the views hitherto generally rocoived. 

Tho results are summarised as follows : — 

Method of Investigation. 

The foregoing summary of our experiments is based almost 
entirely npon the results obtained by exciting the respective nerves 
at the base of tho cranial cavity after separating them from the 
bulb. 

We have also stimulated the nerves outside the skull in the neck 
both before and after division. 

* Towards the expenses of this research a grant vras made by the Britiah Medical 
Aasooiation, on the recommendation of the BoienUflo Giant Committee of tbs 
Association. 

t Previous observen having employed animals of lower orders. 
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In every oaso the animal was narcotised with other. 

(1.) For the expoRure of the nerves at the base of the cranial 
cavity it was found possible to rapidly romove a cerebral hemisphere, 
clamping the carotid and other arteries, then to divide the tentorium 
and to remove tho major part of the rorebollar hemisphere of tho 
same side, so as to admit of prolonged and numerous observations 
before the animal died In nil we bnvo made eight experiments, and 
in every case we havo operated on tho same kind of monkey, i.e.. 
Macaw « s inicus. 

(2 ) For the oxposnre of tho nerves outside the skull we found it 
easy to lay bare the npper cervical nerves and those of the ernnial 
division in tho anterior triangle by turning forward a triangular 
flap of skin, ligaturing and removing the external jugular vein, and 
dividing and turning aside completely tho steroomastoid muscle. 
Finally, the parotid gland and digastric mnsele (posterior belly) were 
drown up with hooks, the head being turned to the opposite side. 

The chorda tympani was readily exposed without injury, in the 
tympanic cavity, before the di6hOction of tho triangle by cutting away 
tho posterior wall of tho external Buditorv meatus and the posterior 
half of tho tympanic ring. Tho facial nerve was subsequently exposed 
in tho stylomastoid foramen and aqueduct. 

Tho nerves were in each cane mi sod up from tlioir position and 
stimulated in the air by the faradio current through fine platinum 
electrodes, the area of tho operation having been gently dried. 

The onrront employed was from the secondary coil of an ordinary 
du Bois-Reymond inductorium, supplied by a 1 litre bichromate cell. 
Tho experiment was carefully begun with tho secondary coil at a 
distance of 80 cm. from tho primary, this interval being very rarely 
diminished to more than lo cm. (zpro being of course the point where 
tho secondary coil completely overlaps the primary). 

Further Observations respecting the Examination of each Nerve. 

A. Cranial Division. 

Vth Nerve. — Excitation of the motor root of the trigeminus evoked 
powerful closure of the jaws, and although the muscles of one ride 
only were in action, the teeth were approximated without any lateral 
deviation of the lower jaw. 

Fifth Nerve. — The motor distribution of the facial nerve has for 
the most part been well known for some time. However, we oonsider 
that, unfortnnately, a very fundamental error respecting this distri- 
bution has crept into the text-books, it being supported by one 
anatomical authority following another, and, moreover, having been 
accepted by clinicians as an important aid in the differential diagnosis 
of facial paralysis. We refer to the supposed supply of motor films 
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from the facial to the levator palati through the superficial petrosal 
nerve 

Ihis idea,* upon which so much stiess has been laid, is entirely 
hypothetical as might have been shown at any time by stimulating 
the facial nerve in the skull and obsci vmg the soft palate 

We have found that stimulation of the penphual end of the 
divided facial nerve in the internal anditoty meatus failed to cause 
even with most powerful c orients the slightest movement of the 
soft palate, although- the face was thiown into vnlent spasm 1 bo 
tme motor nerve supply of the lovatoi palati is according to our 
observations, the Xlth nerve (i vie infra) 

l\th Xeive Qluetiq h try age il — In exciting this none in addi- 
tion to tho movements of the phaiynx, which wo attnbuto to the 
contraction of the stylophaiyngeus, and possibly to the middle con- 
etuctor of the pharynx, we have observed certain movements of the 
palate as follows —{I ) Stimulation of tho netve while beneath the 
stylohyoid ligament and uncut, gave in two lustamen elevation of 
the palate on tho same side, and in ono instance on both sides Wc 
suppose that everyone will consider with us this movement to bo 
leflex in origin, but we must add (II) that in ono Laso wt saw eltva 
tiou of tho palate to the samo sido when oxciting tho penphual end 
of tho out nerve In this latter case, pci haps, the result may he 
explained by tho close neighbourhood of the pharyngeal plexus and 
thi possible escape ol cm rent thereto, and ondei any circumstances 
this is but a single exceptional observation so that wo lay no Htiess 
upon it hinally wc never saw movement of the soft pulato when 
the glossopharyngeal nerve was stimulated within the cxanial 
cavity 

Xth Nene Vagus — In stimulating the uncut nerve outside tho 

Blcull, below the level of its junction wjth the hypoglossal, 
rhythmical movements of swallowing weie produced which occurred 
at the rate of twenty-five times m thirty five seconds 
In one obeoivation all the ooustnetors of the pharynx were thrown 
into action, when the ponpheral end of the cut nerve was stimulated 
outside the skull 

The ihythmioal movements of swallowing obtained by stimulating 
this nerve most be due to, of oornse, the simple reflex, the stimulus 
acting on the nerve in the oentnpetal direction, and that this was 
the case is proved by the foot that no movement was obtained when 
tile peripheral end of the cut nerve was stimulated inside the sknl), 

• Without definitely supporting this now Gsskcll {'Boy Soc I* roc ’ vol 43, 
p 800) show* that some large eomatio nerve fibres leave the facial nerve between 
ite origin from the bulb and its exit from the stylomastoid foramen He suggests 
that some at them may possibly form a nerve to supply the levator palati, but he 
leave* their real destination undetermined 
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The superior laryngeal branch on being stimulated gave rhythmical 
movements of swallowing at the rate of seventeen times in fifteen 
seconds, but when the nerve was cut and its peripheral end stimu- 
lated only voiy slight movement was produced m the larynx, 
evidently by contraction of the cricothyroid musclo 

Xlth Nene Aocettory t> Vajus — In discussing the motor fnno- 
tions of the Yllth nerve, we stated that the hitherto received idea 
of the soft palate being supplied by the facial nerve was according 
to our obsei vations, entirely erroneous We hud that the levator 
palati is supplied entirely by the Xlth nerve * When the peripheral 
end of the out nerve was stimulated inside the skull, elevation of the 
soit palate on the same side was invariably seen lhe path by 
which the fibres from this uervo reach the palate is probably through 
tho upper branch of the phaiyngual plexus 

Xllth Alrtw Hypoglisul — When the entire nerve was excited 
ontsido the skull -just below the point where it is joined by tho 
first cervical nerve, the tongue was flattened posteriorly on tho same 
side, and the tip protruded also on the same side, while in no case 
was there any heaping up of the tongue 

At the same time the depressois of the hyoid bone wei e thrown 
Into action and m some cases this dragging downwards of the hyoid 
completely prevented the tonguo from being protruded 
The movements described above were repeited without alteration 
when the peripheral end of the cut nerve was excited at the same 
place 

It must bo particularly noted that the movements of the tongue 
were puroly uni lateral, and tins was proved to be tho case beyond 
doubt by two experiments, m which the tonguo was divided longi- 
tudinally m the middle line to the hyoid bone when tho movements 
were seen to be entirely confined to the side stimulated 

Whi n the cut nerve was excited within the skull a different result 
was obtained the tongue waa flattened behind, and protruded 
towards the same side, but there was no action in the depressors of 
the hyoid 

It has always been held that the depressors of the hyoid bone 
receive their motor nerve supply from the hypoglossal through the 
descenders nom, hut, as will be shown further on, according to our 
observation, these muscles are supplied by the first and second 
oervioal nerves, and it is only when the hypoglossal is stimulated 
below the point where it is joined by the branoh from the first 
oervioal nerve, that any movoment is produced m the depressors of 
the hyoid 

* I dram to add lure that Dr Felix Semon, m tbe course of some experiments 
(unpublished) performed tn conjunction with myself found that m the dog tbe 
levator palati was innervated by tbe Xlth nerve —V H 
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B. Bpxnai Dmnon 

Our observation! of the motor functions of the first three cervical 
nerves as regards their influence on the hyoidean muscles have been 
made when the nerves have been exoited — 

(a ) In the spinal canal 

(b ) In the neck immediately npon thoir exit from betwoen the 
vertebral transverse processes 

The nerves in the spinal canal were separated from the spinal 
oord and thoroughly dned, the efficacy of the precautions taken 
against spread being evidenced by the difference in result obtained 
by exciting each root 

The effects obtamod by the methods a and b were identical 

1st Cervical Nerve Branch 0 / Union with the Hypo jlotsal — In the 
description of the Xllth cranial nerve, we have Btated as the result 
of our experiments that the depiessors of the hyoid bone are not 
thrown into action when this nerve is stimulated within the skull 
On carefully dissecting out the bianoh from the 1st oorvioa! nerve to 
the hypoglossal wo find on excitation of it that there is no movement 
in the tongue, but the depressors of the hyoid bone are stnngly 
contracted Of these mnscles the sterno-hyoid and b tor no thyroid 
were always especially affected, while the omo hyoid was less 
frequently seen to contract and in some cases not at all In the 
cases where this muscle contracted, in one experiment the antenor 
belly alone acted, and when both bellies contracted the movement in 
the antenor was in excess of the postenor 

Ilnd Cervical Btanch to the Descendant Nom — On stimulating 
thiB nerve the depressors of the hyoid were thrown into action, but 
the muscles involved were not affected m the same way as was the 
case with the 1st cervical nerve The muscle which was most 
constantly set in action by excitation of the Ilnd cervioal nerve was 
the omo hyoid and especially its postenor belly lhe stereo hyoid 
and steino thyroid also took part m depressing the hyoid bone, but 
it was especially remarked in half the oases, that their action was 
notably less powerful than that of the omo-hyoid In one expenment 
m which a very weak current was employed, the omo- hyoid was 
alone seen to oontraot We are consequently led to conclude that 
while the sterno-hyoid, sterno-thyroid, and omo-hyoid muscles are all 
set in notion by excitation of the 1st and Ilnd cervioal nerves, the 
first two mnscles are relatively supplied by the former nerves, 
while the Ilnd nerve is especially connected with the omo-hyoid 
muscle 

Descendant Nom — We prefer to mention here the results of 
exciting this nerve, Inasmuch as we regard its motoi fibres to be 
derived entirely from the 1st and Ilnd cervioal nerve* This nerve 
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(ordinarily regarded as a branch of the XHth cranial), when 
stimulated above its junction with the branch from the Ilnd cervical 
nerve, producod contraction of the sterno-hyoid and Bterno- thyroid 
muscles, and whore the current employed was weak there was no 
contraction of the omo-hyoid, but this movement was suporadded on 
increasing the strength of tho current. 

We onght here to montion tho opinion hold by Volkmann (Zoa. cit , 
infra) that fibres ascend to the hypoglossal from the spinal rami com- 
municantoH by the desoendens noni. 

Illrd Cermad Nerve. — On stimulating the branch from this norve, 
whioh forms the llnil cervical nerve jnst before tho ansa thus formed 
is connected to tho dcscondenH noni, there was no action seen in the 
depressors of the hyoid bone ; it therefore seems certain that these 
muscles are supplied with motor fibres solely by the brunches from 
the 1st and Ilnd cervical nerves. 


Summary of Results. 


Cranial nerve*. Reference. View, previously 


Author*’ view,. 


V. Tngemmu*. 
VII. Facial 


Baitian, ' Cerebral 
and Bulbar Pa* 
wdjna.’ 

Hughling, Jack- 
ton. 

Volkmann, 'Mul- 
ler 1 , Archiv,’ 
18-iG, p. 47ft. . 

Hem, * Muller’, 

Archlv,’ 1844, p. 
«97» 


M uncle, of nuutiett- 


palati, digastric 

(poe tenor belly), 
■tapodiui, pla- 


of tympanum, tho 
levator palati, 
aiygoe uvuln 
(through the 
large tapcrflcutl 
potroial nerve). 

“ Supposed ” to ,ewl 
motor fibre* to 
Meekel', ganglion 
and to to palate. 

BaprcMt, great 
doubt a, to the 
auperfloial petro- 
aal nerve »upp)y- 
ing the soft palate. 

Fide Xlth nerve. 

No movement of »rft 
palate. 

No movement of Kift 


Ditto. 

In agreement, ex- 
cept with re- 
Bird to the 
levator palati, 
for which eee 
Xlth nerve. 
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Summary of Reanlts — continued 


Oranul Mere*. 

Referenoe 

\ wwi proviouily 
held 

Author*' view*. 

Chord* tyrmpam 

Hermann, lot ext 

Qua m, toe ext 

B**tian, toe ctf. 

Secretory and (P) 
gustatory funt 
tioni 

Subm&xillary gland 
and “ tongue ’’ 
Secretory and gutta 
tory functions 

In agreement with 
mirt tory funo 
tion* cutainly 

IX OloMopha- 

Hermann, lot ext 

Levator pulnli arj 
got uvulas middle 
constrictor ot 

phaiynx atylo 

pharyngitis 
btylophai \ ngeus 
Midillo const ru tor 

of pliary nx, itylo 
pharyngitis a/y 
goe uvula), lciatur 
palati 

Middle constrictor 
of pharynx, atylo 
plmty ngeus 

Stylopharvnstn*. 

ryngeol 

Qnaro, loc ext 
Haitian, toe ext 

Volhmann, loe ml 

(0 middle con- 
strictor ot pha 
rynx 

X Vagu* \ 

VI Aooesaory f 

Hermann, loe ext 

Qmun, lot oxt 

Horn, loe ext. 

Haitian, loe ext 

Muscle* of soft pa 
late and pharynx 
larynx, and ah 
military canal 
Combined X ami 
XI ” form the 
pharyngeal pleiun 
which sup 
plus the must hi 
and mucous mini 
branc ot larynx 
Moumiuts ol eort 
palate 

The larynx, phary nx, 

X Vagua, nd mo 
tor in nick and 
head 

X Vagu* (only) 

Volkmann, loe ext 

Chaureau, quoted 
by Vulpian 
Vulpian, Comptei 
Hindu*,’ vol 
103,1886 

Levator palati, axr 
go* uvulas (goat) 
constrictor* ot 

pharynx (mpcrior 
and uilenoi ) 

palato pharyngcu* 
laryngeal muscle* 
Do Idonkey and 
hor»e) 

Do (dog). 


XI. Aoceteory to 

VagUa. 

Haitian, loe ext. 

In all probability it 
•upplie* the leva- 
tor palati. 

Excitation of it 
produce* eleva 
tion of *oft pa- 
late on Mme 
ode, in addition 
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HngUings Jack- 
son, ‘ London 
Hospital Boo.,’ 
▼ol. I, p. 386, 
1884. 


Volkmann, loc.et/. 


Bastian, toe. eit. 


fibres ot soft pa- 
late oome from 
facial norre, and 
supports the be- 
lief that they oome 
from Tagus, or its 


Muscles of tongue, 
muscle* connected 
uith hyoid bone, 


the first oervical 

It supplies, alone or 
m union with 
spinal nerres, the 
longue, muscles, 


the hyoid bono. 

As a rule no inoTo- 
ment in dopretsors 
of hyoid, but the 
stemo-hyoid was 
seen to contract on 
intracranial exci- 
tation in tao 

dog. 

Motor to tongue and 
most ot the mus- 
cles attached to 
hyoid bone. 


to moretnentaof 
the pharynx, 


of tongue of the 
same side only. 
Not the depres- 
sors of hyoid 



The HacmUUton of the Lemure 
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Corneal nerve* 

Reference 

View* previously 
held 

Author*’ new* 

I 

All author* 

I olkmann, loo eit 

Nil tare pot tenor 
neck raus lo* 
Stereo hyoid an 1 
•tereo thyroid sup 
plied 

I Depressor* of 
hjyoid especi 

hvoid ami 

stereo thyroid 

“1 

Hermann, lot ' 
nt 

Quinn lot nt 



II Depressor* of 
hyoid especi 
ally on ohy oid 

in J 

II (alone) 

Baatun loo nt 

Other author* 
Volkmann loo eti 


Supply ’ infra 

hyoia inutile* 

a i tli distend ns 
DOM 

Suppliei the (nmll 
mucin* of neolt 
bnt not the do 
prcMore of hyoid 

III hd motor 


II “ An Additional Contribution to the Placentation of tho 
Lomurn ’ By Piofossoi Sir Wm Tuuykr, Knt, MB, 
LLD.FRS. RocoiieilMiy 21, 1888 
In 1878 I contributed to tho Royal Society a memoir "On the 
Placentation of the Lemurs, which waa published m tho ‘ Philoso- 
phical Transactions ’ of that year (vol 16b, Part 2) The grand nten 
which I examined and desonbed were from specimens of PropUhecue 
dtadema, Lemur rvfipet, and Indru brewaudatui The examination 
showed in these Lemurs that the placental villi were diffused over the 
greater part of the surface of the chorion, so as to approximate in 
general plan with the arrangement in the Pig, Maze, and Cetacean, 
though of oourae with special characters of their own, that there 
were also distmot areas on the ohonon free from villi, that the 
uterine mucous membrane possessed multitudes of crypts, from out 
of which the villi were easily drawn , that smooth patches of mucous 
membrane devoid of crypts, and corresponding to the non- villous 
parts of the ohonon were present, towards which the stems of the 
atenne glands converged in a remarkable manner, and on the surface 
of which they opened by obliqnely directed mouths in considerable 
numbers Further, it was pointed out that the ohonon occupied both 
horns of the uterus, though the part whioh was prolonged into the 
non- gravid horn was only a short diverticulum, and that the allantois 
formed a luge persistent sac, whioh, like the sae of the amnion, did 
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not extend into the divertioulum of the chonon The specimens 
were at different stages of gestation, bat none was at the foil time, 
though the fcetns of Propxtherua was well developed, aud measuied, 
without uk luding the tail, 5 inches m length 

In April of the present year I received from F B Beddard Esq , 
Pioseclor to tho Zoological Society of London the gravid uterus of a 
Lemur which he informs me was Lemur xanthoriyei ix The animal 
had d ed duung labour On examining tho spetimcn the uterus 
showed no signs of inflammation hut its poettrior wall was raptuied 
immediately aboie the Imc of reflection of the peritoneum from tho 
rectum on to it lhe caudal em] of the fcotus occnpiod the upper 
third of the lagma, tho mOmbranes having been tom so as to allow 
the passage of the hindoi part of the trank out of the atoms The 
u tonne i ossels were tlion filled with a canunio and gelatine injection, 
and tho vessels of the chorion were partially filled with a blue injec- 
tion through the umbilical tt unks 

Iho uterus was somewhat smaller than that of Pro f itheciu dxadema, 
described in the memoir above refemd to As in that specimen it 
seemed on oxtcrnal examination as if it were a single u lei us but 
when opened into it was seen to possess a laigely dilated left cornu, 
containing the head of the fuitus, and a short light lornn dilated to 
about tho sire of a walnut, both of which froely communicated with 
the cavity of the corpus uteri a depending fold of mucous membmne 
not half an inch deep separated the cornua ftom tach other lhe 
vagina was about GO mm long, and with a smooth mucous membtane 
Tho os ufon was defined by a oncular fold of mucous membrane 
Each ovoiy was only about half tho sixe of a common pea, and the left 
one contained a highly vasoular oorpns luteum 

lhe folds and aulci of tho mucous mombrano both of tho corpus 
and cornua uteri with their numerous oiypts corresponded geneially 
with those previously described and figured by me in P diudema 
lhe largest area of smooth mnoous membrane was immediately above 
the os uten , that next in sue was situated around the onfioe of the 
left fallopian tube, whilst a smaller one surrounded the opening of 
the nght tuba Smooth areas were interspersed amidst the mucous 
folds , thoy were much less vascular than the folds and crypts, but as, 
both in their appearance to the naked eye and their relation to the 
openings of the uterine glands, they corresponded closely to what I 
have previously described in P diadema and Lemur rufiyet, I need not 
further describe them The epithelial contents gave to the ntenne 
glands a yellowish colour, but it was difficult to individualise in them 
the separate cells, the contents of which were granular, and the out* 
lines indistinct. It seemed indeed as if the cells were in process of 
degeneration, owing to the period of gestation having coma to an end, 
and! as parturition had begun, the glands were no longer required to 
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take a put in the nutrition of the fmtns The gland-layer of the 
mucous membrane was readily distinguished subjacent to the ciypt* 
layer 

The folds and crypts Hnrronnding tho smooth areas of the mncosa 
were highly vascular The crypts opcnod freely on the surface and 
1 1 some extent smaller secondaiy crypts branched off from tho laiger 
doprcssionB The distribution of the compact cspillaiy notwoik m 
the walls of the crypt* resembled the anangement previ msly figured 
in P dtadema 

I diew the chorion away from the uterine mncosa by genUc traction, 
and m tho process of detachment the villi came out of tho crypts 
with gicat ease A considerable area of ohouon next tlu os uteri, 
some of which had been torn in the descent of the foetus was free 
hom vilh and not veiy vascular As one traced the chorion fiom the 
os, shoit scattered vith in the first instance projected from it to be 
succeeded still furthoi away by longei and broadu villi arranged 
either m tnfts or lows, the size and arrangement of tho villi being 
adapted to the crypts in the mucosa Opposite the ntenre opening 
of the left ballopian tubo an area of the ohonon about dd mm in its 
longest diametci was smooth and free hom villi it was placed at 
the end ot the ohonon fuithest removed fiom the os nten A much 
smaller non villous aiea of chorion corresponded to the opening ot the 
light tuba and was much nearer to tho os than was the caso with the 
non Villons aiea opposite tho left tnba in tho right oomn the vilh 
were arranged in low ndges, and tho ridges and fun owe in tho 
uterine mucous membrane were shallow Owing ti the shot tness of 
the right utenne coran tho choi ion lodged within it formed only a 
slight projection of the geneial bag of the chorion Smooth patches 
of chorion, in apposition with tho corresponding smooth ait as of tho 
mncosa were mteisperaed amidst the rows and tufts of villi which 
colored so large a proportion of the free surface of the chonon 

The blue injection which had been passed into the umbilical 
trunks had filled tho vessels ramifying in the deeper layor of the 
chonon, which oould be seen both in the villous and non villous parts 
of the membrane not nnfreqnently having a tortuous course Opposite 
the bases of the vilh these vessels gave off small branobes which 
entered the villi and formed in thorn a closo notwoik of oapillanes 

The large sacs both of the amnion and allantois in L xanthrmyttam 
closely corresponded in arrangement with those previously described 
by me in Lemur rufipu 

The foetus was 19 cm long from the tip of the nose to tho root of 
the tail, and the tail was 14 cm long It was evidently quite mature 
and the hairs and nails were well developed The lower incisors had 
partially oat the gam* Both m this specimen and in the ProptUueut 
iltadem a previously described tbe breech was the presenting part, and 
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the head wae near the Fallopian tube belonging to the m6re dilated 
of the two nteune cornua In three epeoimene of Lmur rufipet 
deaonbed in my previous memoir, the head wae in proximity to the 
oe, and the caudal end of the foetuB was in the more dilated horn 
It would appear, thetefore, that in the Lemurs, either the head or 
breech may be the part of the animal first to be bom 
The examination of the gravid n terns of Lemur mnth&myitax 
confirms therefore, fho conclusions to which both Alphonse Milne 
Edwards* and I had armed independently in oni previous investiga- 
tions, that the placenta m this important group of animals is diffused 
and non docidnate, and that the sac of the allantois is large and 
persistent up to tho timo of partnntion In these important respects, 
therefore, the Lemurs art in thor placental characters, as far 
removod from man and apes as it is possible for them to be 
Although I am not disposed to attach too much weight to the 
placenta as furnishing a dominant cliaractoi for purposes of classifica- 
tion, yet T cannot but think that animals which are mogallantoid, 
non-dcoidnato, and with tho vilh diffused generally over the surface 
of tho chorion, ought no longei to bo assoc intod in the same order 
with animals m which as in the apes, the sac of the allantois early 
disappears, and the villi are conccnti ated into a special placental nea, 
in which the foetal and maternal structures are so intei nunglod that 
the placenta is highly deciduate Hence I am of opinion that the 
Lemurs ought to be groupod apart from the Apes in a special order, 
wnich may be named either with Alphonse Milne Edwards Lemma, 
or with Viotoi Carus and otheis Pronmtt 


Addendum — June 2. 

After the foetus had been mounted for preservation m spirit, deli- 
cate flakes of a translucent onticnlar-lookmg membrane were seen 
partially to float off from the surface of the abdomen and from tbe 
ventral surface of the limbs In the groins and axillee the membrane 
was very distinct, and formed an almost complete oovenng for the 
surface of the limhe external to the hairs, which, though of some 
length, were few in number, and scattered over the surface of the 
•kin On the dorsal aspect of the foetus, both on the head, trank, and 
limbs, where the hair* were longer and closely set together, the flake* 
were much more fragmentary and over considerable areas were 
absent The appearance presented was such ss to lead to the impres- 
sion that flakes of a outicular membrane, subjacent to which the hairs 
had been developed, were in process of being shed 
• " Hiltons Nsturelle de* Ksmmiflre* ds Msdsgsscsr," forming rol 8, chap il, 
of Gtauuhdier’i * Histone de M sdsgei o ar. 1 
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A numbei of ye am ago, Professor Hermann Weloker, of Halle, 
desonbed by the name of Epitnchtum a outioular membiane, situated 
superficial to the ham, which formed a complete envelope to the 
foetus of Bradypui tndactylui, Choloput duiactylut, Myrmecophaga 
dtdaetyla, and Dxcotylet He figured it in loco both in Bradypui 
and Ihootylet * It was obviously quite distinct fiem the amnion 

In a memoir “ On the Placentation of the Sloths,” published m 
1873, 1 described and figured the epitrichmm m Oholopui A Jf vanm,f 
and stated that I had also seen a similai arrangement m a foetus of 
Brad jput trvlactylui In a subsequent dissection of the gravid uterus 
of Biadyput tndactylui I have recognised that this membrano in its 
relations to the foetus 001 responded with Wei char’s figuro and descrip- 
tion In the so animals the epitnchium formed a complete covering 
of the foetus, and closely followed the contour of the hood trunk, 
and limbs immediately external to the hairy coat which was situated 
in the interval between the opiti ichium and the Bkin , though the 
epitiiohium was perforated at the muzrlo by the long tactile hAiis 
which giew from the lips It was adherent to tho cuticle of the 
maigms of the eyelids, of the onfico of the nose, mouth external 
auditory meatus, and anus, and was also attached to the sc ft cuticle 
around tho roots of tho claws It was entirely dintmet from the 
amnion, and fiom its relations to tho hairy coat was obviously the 
layer of the epidermis situated superficial to the haus, and which had 
beoome elevated as a distinct and continuous membrano as a result of 
their development and growth 

From its lol&tion to the hairy coat, the cnticular membrano on the 
foetus of Lem ur xan thorny s tax was without doubt a similar struotme 
to the epitnchium investing the feetus of the Sloths but with this 
difference, that instead of forming a continuous envelope around the 
head, body and limbs of the foetus, it was broken up into flakes or 
patches, which were the best markod where the hairs weie scattered, 
and had almost disappeared m the mature foetus, where the hairy 
coat waa thick and abundant 

Tho recognition of this membrane in Lemur xanthomyitax led ms 
to examine the feetus of Propxthecus dutdema, referred to m my 
memoir 11 On the Placentation of the Lemurs, ’ with tho view of 
seeing if a corresponding structure was present I fonnd on 
immersing the foetus in water, or in spirit, that similar membranous 
flakes floated off from the surface of the hair In some localities 
they were so loose as to make it difficult to say what their original 
relation to the hairs had been, but in other places the membrane had 
not been disturbed, and the hairs were situated between it and the 

* " Ueber die EntwioUung nod den Bsu ler Hant und der Hears bei Bradypna," 
to * Abhendl dsr Haturfonoh Geaelbohaft an Halle,' vol 0, 1864 

t ‘Edinburgh Boy Boc Trans., ’ vol 27, 
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surface of the skin. It most be understood that this membrane #m 
quite distinct from the amnion. 

The epitriohinm, therefore, is prosont both in the Lemon and in 
the Sloths, bnt in the former it does not, after the hairy coat is 
developed, form a eomplete envolope for the foetus, but is broken up 
before the termination of the period of gestation into more or less 
detached flakes of membrane. 


III. “ Note on the Coagulation of tho Blood.” By L. C. 
Wooldridge, M.D., M.R.C.P., Uo- Lecturer on Physiology at 
Guy's Hospital. Communicated by Professor VICTOR 
Horsley, F.R.S., &o. (From the Laboratory of the Brown 
Institution) Received May 24, 1888. 

In a papor read before tho Royal Society, April 26th, 1888, Dr. 
JTallibnrton offers some criticism of ray views respecting tho coagu- 
lation of the blood In this note I shall briefly summarise and 
traverse the objections I)r. Halliburton raises to my theory and expe- 
riments. 

I. Dr. Halliburton snggosts that the substance I call A-flbrinogen 
—which 1 obtained by cooling peptone-plasma — is not a normal 
constituent of the blood plasma, but that it is a precipitate of a 
herai-albumoso, supposed by him to be present in the peptone 
which is injected into an animal for tho purpose of obtaining peptone 
plasma. I do not nRe Witte’s peptono, as Dr. Halliburton appoars to 
have done, on account of its recognised impurity, but that obtained 
from Dr. Gruebler’s well-known laboratory in Leipsio. This peptone 
is prepared according to Henniger’s method. A 10 per oenfc. solution 
of it in j per cent, solution of sodium chloride is quite clear after 
filtration. 

It gives no precipitate on cooling to zero. 

It disappears wholly from the blood within one or two minutes 
after injection. 

Finally, A-fibrinogen has properties absolutely different from th6 
peptone injected. 

Dr. Halliburton appears to think that this substance, A-fibrinogen, 
exists only in peptone plasma. 

I stated in a paper read before the Royal Sooiety in 1886, “On a 
New Constituent,” Ac., that it was also present in salt plasma, and I 
gave details concerning it in the Croonian MS., whioh is in the archives 
of the Royal Sooiety. I explained at length in the paper referred to 
by Dr. Halliburton, and published in Ludwig’s ‘ Festschrift,’ 1887, 
why there are, as has long been known, two varieties of salt plasma) 
namely, one containing, as I showed, no A-fibrinogen, this being pot 
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spontaneously ooagulable, the other containing it, and therefore 
being spontaneously ooagulable 

II Dr Halliburton farther asserts that whereas m the abe tract 
of the Oroonian Lecture, I described a body, B fibrinogen, in the 
paper in Lndwig’a ‘ Festschrift, ’ published shoitly aftei wards, this 
body was not mentioned, or had become identical with the fibrinogen 
of Hammarsten This statement is totally incoirect, foi on page 228 
of Lndwtg e ‘ Festschrift • there will be found a paragraph headed 
‘ B fibrinogen, and on the following pige this passage occurs 
Man sieht also dass das Fibrinogen von Hammarsten m Plasma 
einen Vorgangei hat welche andere Eigeusobaften besitst nnd ich 
beseiohne diese Substans als ‘ B fibrinogen ’ ’ The difft rtnees between 
the two bodies here refeired to aie precisely those mentioned in the 
abstract of the Croonian lecture and aro shortly as follows — 

(a ) B fibrinogen does not clot with hbi in fermont, but it dots clot 
with leucocytes and othor animal and vegetable colls 
(6 ) It dots with substances which can be obtained from these 
animal and vegetable cells in large quantities, by extinction 
with water Ihese substances I call tissue fibrinogens 
(e ) It further clotn with lecithin 

Hammarsten s fibrinogen, in remarkable contrast with the properties 
of this body does not clot with leuoocytes or other animal or vegetable 
cells, nor does it olot with the substances oaliod tissue hbnuogens 
nor with lecithin 

I would here add that the fibrinogen m most transudation fluids is 
similar to Hammarsten s fibrinogen I have dearly indicated these 
differences in previous publications 

HI With regard to Dr Halliburton s remark on the relation of 
lecithin to dotting I may aay that it not only givos nso to dotting in 
peptone plasma and cooled plasma, but in a solution ot hbtinogen 
isolated from salt plasma and m the plasma obtained from the blood 
after the injection of tissue fibunogen In discussing the expert 
meats on the behaviour of cooled blood tow aids lecithin, Dr Ealli- 
burton does not recount the details of the experiments, and hence he 
conveys a misleading impression of tho same It is necessary for 
these experiments to use a finely particulate and yet thick emulsion 
of leoithin, for the following very obvious reasons The lecithin u 
insoluble in the salt solution into which the blood is reoeived, and a 
huge quantity of blood being received into a relatively Bmall quantity 
of the salt solution, the lecithin does not come into contact with all 
the plasma unless a fine tbiok emulsion be nsed 

The fact that fluids free from lecithin produce dotting, in no way 
disproves the contention that lecithin is an essential factor u ooagu* 
lhtion, since every variety of fibrinogen contains lecithin Lecithin 
tot st iv r 
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ib, next to proteid, the most widely distributed sub# tan oe in the 
animal organism At Ham mars ten has well said, “ it has been found 
wherever it has been looked for ” Whenever 1 have stated that lecithin 
is present in any fibrinogen, I have prepared it and tested for it in 
the way I have previously repeatedly described in the papers JDi 
Halliburton quotes 

IV The criticisms which Dr Halliburton passes upon my dis 
oovery that tissue fibrinogens cause mtravasonlar clotting when 
injected into the living circulation can hardly be regarded Benonsly , 
for he asserts that the tissue fibrinogen is a slimy mass, and causes 
clotting by mechanically plngging the vessels, whereas if he had 
repeated my experiments he would have found (1) that the fibrinogen 
is not at all slimy, and (2) that it can hardly he supposed to oanse 
dotting mechanically, ainco it passes through the right heait then 
the eapillanes of the lnngs, next the left heart and aorta, and finally 
the capillaries of the alimentary canal before it first causes clotting, 
t e , in the portal vein in the dog 


IV ‘Note on the Volumetric Determination of Uno Acid ' By 
A M Gossaof, B A , Oxon Communicated by Profeesoi 
J Bukdon Sandfrson, FES Received May 20, 1888 
Dr Haycraft has recently pioposed a method for the volumetric 
determination of uno acid in unne (‘ Bnt Med Journ ’ 1885, 2 , 
p 1100) which has great advantages over all former methods in that it 
is much qmckei and easior to manage The uric acid from 25 o c of 
urine is precipitated by adver nitrate after previous addition of 
sodium carbonate (to prevent reduction) and ammonia (to dissolve 
silver chlonde Ac ) , this precipitate is then collected, washed, and 
dissolved in mtno acid, and the amount of silver present m this solu- 
tion ascertained by Volhard’s mothod, t s , titration with ammonium 
snlphooyanate , from this the amount of uno acid can be calculated 
“ In order to tost the accuracy of the process, ’ ho says, “ I prepared 
several solutions of acid urate of sodium of known strength To 
these I added various quantities of common salt, magnesium sulphate, 
and phosphate of soda in order to imitate as fur as possible the 
nnnaiy secretion On estimating the uno sold in these solutions, 1 
obtained wonderfully correct results In all cases not mnch more 
than a milligramme was lost dunng the process, and may be simply 
accounted for by the faot that no salt of uno acid » absolutely in- 
soluble In order further to test its accuracy, 50 o o of 

unne were divided into two equal portions , to the first 25 o c of a 
solution of acid urate of sodium of known strength were added , to 
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the seoond 25 o o of water were added When estimated the two 
fluids should show a difference equal to the quantity of salt added ” 
Results very oloeely corresponding to this were obtained 

Those results do not agree with results obtained by Salkowsln 
(Pfluger’s ‘Archiv,’ vol 5, 1872, p 210) and Maly (Pfluger’s 
• Archiv,’ vol 6, p 201) Solkowaki proposed a volumetric method 
for the determination of uric acid, very similar to that proposed by 
Dr Haycraft , in this he added excess of silver nitrate and estimated 
the excess of silver pieeent He gave up this method, however, as 
on examining the silver precipitate obtained from unne after com 
plete precipitation of the phosphates by magnesia mixture, he found 
that it contained magnesium as well as silver, and that the proportion 
of magnesium to silver varied considerably in precipitates from 
different urines, though constant for the same unne Hayraaft con- 
siders that the presence and vanation in amount of magnesium in 
these precipitates may be due to varying quantities of magnesium 
ammonium phosphate in them This is, however, impossible as the 
phosphates were prooipitated by Salkowski previously, and the unne 
allowed to stand for twenty foui hours before filtration to ensure their 
complete separation Salkowsln s results were confirmed by Maly, 
who found that if in the presence of salts of calcium, magnesium, 
potassium, and ammonium, a solution of a urate be precipitated by 
silver nitrate, the precipitate contains these metals as urates as well as 
silver urate 

As a test of the accuracy of Haycraft’s method, I examined samples 
of various urrnes both by his method and by Salkowski s method, 
which is universally acknowledged to be the most reliable, and the 
accuracy of whioh has been proved by experimental evidence This 
method consists in taking 250 o c of unne, adding 50 c c of magnesia 
mixture to precipitate phosphates, and then adding to 240 o o of the 
filtrate (whioh are equivalent to 200 o o of the urine) sjlvei nitrate 
to precipitate the uno acid This precipitate of silver urate is 
decomposed by sulphuretted hydrogen after being suspended in water 
The liquid is then acidified, filtered hot, and evaporated to small bulk, 
and the uno acid allowed to crystallise out These crystals are then 
dned and weighed The following results were obtained — 
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Expt. 

Salkowtki (200 o.c. urine). 

Hajonft (25 o o. urine). 

Quantity of urio 
setd obtained. 

Mean per- 
centage. 

No of ee of 
NH,ON8 re- 
quired. 

Mean 
equivalent 
quantity of 
uric add 

Per- 

centage. 

I. 

0-168 gr. 

0 084 

(«) 18 "2 o.c. 
(».) 16-8 „ 

} 0-027 

0-108 

n. 

0-07 gr. 

0 036 

(a) 11 -8 oo 
(*) U 4 „ 

(<•) 11 0 „ 

| 0-019 

0 076 

m{ 

(a) 0-098 gr 
(&.) 0-1045 „ 

j. 0-061 

(a.) 18 -Sec. 
(4) 12 1 „ 

J. 0-0205 

0-082 

M 

(o.) 0-068 gr. 

(&.) 0-078 

} 0-085 

(a) 10-7 eo. 
(4) 11 1 „ 

| 0-018 

0 072 

t { 

(a) 0 "164 gr 
(») 0-100 „ 

(0 0-166 „ 

| 0-08 

(a) 10 8 co. 
M 10-4 „ 

1 0-027 

V 

0 108 


The rosultH obtained by Haycraft's method wore alwajn con- 
siderably higher than those obtained by Salkowski’s. The reason of 
this is that Dr. Haycraft has assumed that the silver precipitate from 
urine consists of an urate containing only 1 atom of silver in the 
molecule, whereas tho proportion of Bilvcr in this precipitate is 
always larger, and varies in amount in different urines. If we assume 
that the precipitate oontains 2 atoms of silver in a molecule of nrate 
and divide the results obtained by Hayoraft’s method by two, we see 
that in two cases they are about equal to, in the rest less than those 
obtained by Salkowski's method. The proportion of the results 
obtained by one method to those obtained by the other varies. This 
agrees with the results of Salkowski's researches, from whioh one 
would expect that the results obtained by Haycraft’s method would 
not bear a constant relation to the results obtained by Salkowski's, 
and that the halves of the results by tho former method would be 
lower than, in most cases, those obtained by the latter. 
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V. “ On the Effects of Increased Arterial Pressure on the Mam- 
malian Heart." By John A. Mo William, M.D., Professor 
of the Institutes of Medioine in the University of Aberdeen. 
Communicated by Professor M. Foster, Sec. R.S. Received 
May 30, 1888. 

The following is a short preliminary statement of some of the main 
facts elicited in the coarse of a recent investigation. The experiments 
were conducted on chloroformed cats. The thorax was laid opon, 
artificial respiration being maintained, and the action of the annnles 
and ventricles was recorded by means of the graphio method. The 
contraction of the heart in ordinary circumstances having been 
observed and registered, the arterial pressure was raised by constrict- 
ing or clamping the last part of the thoracic aorta — usually for a 
period of 4—8 seconds. Clamping for longer periods was often 
accompanied by convulsive movements of the animal. 

The results may be briefly summarised as follows : — 

They fall into one or other of two categories according as to whether 
the modullaiy cardio-inhibitory mechanism in (I) functionally active 
m controlling the heart's action, or is (II) incapable of affecting the 
oardiao beat. The latter condition is one that may result from 
various causes, such as (a) section of the vagus nerves or paralysis of 
their function through the influence of drugs, <fco. ; ( b ) depression or 
paralysis of the medullary cardio-inhibitory centre, brought about by 
drugs or by other causes. 

1. In the first-mentioned condition, when the cardio-inhibitory 
meohanism is in a position to control the heart’s action, a marked 
rise of the arterial pressure (such as results from compression of the 
descending aorta) causes, as Marey has shown, a slowing of the oardiao 
rhythm. 

I find that the rise of blood-pressure also causes marked changes in 
the contraction force of the cardiac muscle. For a short time (a few 
Beoonds, 1, 2, 3, Ao.), after clamping of the descending aorta there 
occurs an augmentation in the strength of the beat — especially of the 
ventricular beat; meanwhile the rhythm has become slower than 
before (fig. 1). 

Then there occurs a more or 1 ms sudden change. The auricular 
contractions undergo a striking diminution in foroe. They remain 
enfeebled until the oompreesion of the aorta has been discontinued 
and the blood pressure has fallen ; then they gradually recover, 
though the process of recovery may not always begun at once (figs. 1 
and 2). 

The changes in the vertricular notion consequent upon closure of 
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the descending aort% do not rub parallel with those occurring in the 
auricle*. The ventricles, while they beat more slowly than before, 
usually beat mnoh mors drongty eren when the aurionlar contraction 
has become markedly weakened (fig. 1). Depression of the ventricular 
force may occur, bet it oomes considerably later than the aurionlar 
depression, and is very mnoh slighter in degree (fig. 3) . The Blow 
strong ventricular systoles are able to empty the cavity of the left 
ventricle when systoles of less strength fail to do so — as indicated by 
the fact that the reoording lever often fails to deaotnd to the ordinary 
level in the interval between the contractions (fig. 1). When the 
descending aorta has been released and the pressure has fallen, a 
period of marked cardiac acceleration often snooeeds; daring this 
acceleration, the individual ven trio alar boats are much diminished in 
force (fig. 3). 

The above-mentioned cardiac change* attendant on a sudden rise of 
arterial pressure are brought about through the medullary cardio- 
inhibitory centre and the vagus nerves. They are of such a nature 
that while the ventricles are contracting slowly and powerfully in 
such a way as to be able to discharge their oon tents in spite of the 
increased arterial pressure, there ooours a striking change iu the 
action of the aurioles involving a great reduction in the amonnt of 
blood pumped into the ventricles and the degree in whioh the latter 
are distended just before their systole. Henoe the quantity of blood 
thrown out by the left ventricle into the systemio arteries is much 
diminished, and the rise in the blood-pressure is in some measure 
counteracted and controlled. 

II. In conditions where the medullary cardio-inhibitory mechanism 
has ceased to exert any controlling influence upon tho heart (e.jr., 
after section of both vagi), the effects following a suddon rise of 
arterial pressure are entirely different from those above described. 

Marey showed that there was no very constant relation between 
the rate of the heart's action and the height of the blood-pressure 
after section of the vagi; some degree of acceleration was commonly 
observed. 

Examining the cardiao changes in the way already mentioned, I 
find that after section of the vagi or paralysis of tho mednllsry 
cardio-inhibitory mechanism, a sudden rise of arterial pressure causes 
no very striking or oonstant change in the heart'* rhythm ; frequently 
there is »Ught acceleration. There is a complete absence of the cha- 
racteristic changes in the contraction force above described (under I). 
As regards the strength and character of the cardi#e action, there are 
two conditions to be noted, < 

(1.) The heart may at each systole be able to discharge its contents 
in normal or approximately normal fashion. In sooh circu m st an ces 
the principal change to be observed in a vigorous heart is a marked 
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increase in the form of the beet, at least in the ventricles 

(fig. 4). 


(2 ) On the other hand the relation of the ventricular power to 
the arterial resistance may be such that the left veutricle is not able 
to expel its contents at each beat in the normal fashion. The record- 
ing lever failB to descend to the usual lovel between the contractions ; 
it remains elevated to a considerable extent from the ordinary baso 
line. 

Tho results occurring in both the conditions referred to — (1) and 
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(2) — are not obviated by section of all tbe visible branches of the 
annulus of Viensaens, and of tbe vago -sympathetic in the neok and 
thorax. They appear to depend on properties of the heart itself, and 
not on the influence of extra- car diao nerves. 

DESCRIPTION OP FKJDEES. 

Fio. 1. — Tracing of auricles and ventricles, shoving effects of damping descending 
aorta (Ao ). In the ventricular tracing tbe upward movement indicatee con- 
traction ; in the auricular tracing the downward movement indicates con- 
traction. Tbe time tracing chows half seconds. 

Fig. 2.— Traoing of auricles. Downward movement indicatee contraction. Descend- 
ing aorta damped at the point marked 1, and rdeaaed at f. Time marker 
indicates half second*. 

Fig. 8.— Tracing of aurides and ventricles. In the ventricular traoing contraction 
ia represented by the upward movement, in the auricular traoing by the 
downward movement. Tune marker shows half seoonde. Clamping of 
descending aorta. 

Fig. 4 . — Tracing of ventricles i upward movement indicates contraction. Increase 
in sisc of beats during the closure of the descending aorta. Time marker 
indicatee half seconds. 

Fig 6. — Tracings of auricles, ventricles and blood-pressure in left carotid artery. 
The lowest treeing mark* the time in half eoconds The level of the ventri- 
cular tracing rises during closure of the descending aorta ; there is incom- 
plete emptying uf the left ventriclo at each systole. 


Presents, June 7, 1888. 

Transactions. 

Geneva : — Soci^te de Physique et d’Histoire Naturello. MAmoires. 

Tome XXIX. Partis 2. 4to. Oenitve 1886-87. The Society. 
Leipiig : — Aatronomisohe Gesellsohaft. Vierteljahraaobrift. Jahrg. 

XX. Heft 4. 8vo. Leipiig 1887. . The Society. 

London: — Anthropological Institute. Journal. Yol. XVIL No. 4. 
8ro. London 1888. The Institute. 

East India Association. Journal. Yol. XX. No. 2. 8vo. 

8vo. London 1888. The Association. 

Institution of Civil Engineer*. Minutes of Proceeding*. Vol. 

XC1I. 8 vo. London 1888. The Institution. 

Odontological Society of Great Britain. Transactions.* Yol. XX. 
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Transactions (continued) 

Milan — Beale Iatituto Lombardo di Sciense e Letter© Rendiconti 
Sot 2 Yds XVIU-XIX 8vo Milano 1885-86 Memone 
(Clawe di Letters e Sciense Stonche e Morali) Yol XVI 
Faso 3 4to Milano 1886 Ditto (Glasse di Scienre Matema 
tiohe e Natural l) Vol XY Jfaao 4 Yol XVI Two 1 4to 
Milano 1885-86 The Institute 

Society Italians di Scionse Naturali Atti Yol XXTX Faso 
1-4 8vo Milano 1886 The Society 

Naples — Societi Italians delle Scienre Me mono di Matematica 
ediFunoa Ser 3 Tomo VI 4to N ipuh 1887 

The Society 


Foote (B B ) Notts on some recent Neolithic and Palaeolithic 
Finds in South India 8vo Calcutta 1887 ibo Anthor 

Gueine (J de) Excursions Zoologiques dans Its lies dc iayal et 
de San Miguel (Ai,ores) 8vo Pant 1888 

S A le Pi nice Albert do Monaco 
Hmde (G J) On the History and Chaiacters of tlo Genus Septa 
strffla dOibigny (1849) and the identity of its typo species 
with that of Glyphastwea Duiioan (1887) 8vo [ London ] 1888 
Note on the spicules desenbed by Billings in cointxiun with 
the Structure of Arch rocyathus Mingatuntu 8\o Uertf rd 1888 
lhe Authoi 

Pioctor (B A) Old and New Astronomy Paits 1-3 london 
1888 Messis Longman & Co 

Bambaut (A A) The Total Lunar Eclipse cf 1888 Jaiuary 28 
observed at the Dunamk Observatory 8vo Lo don 1888 with 
two other excerpts in 8vo lhe Author 

Bobertaon (FA) The Customary Law of the Rawalpindi District 
Vol VI 8vo Lahore 1887 

Record Depaitment India Office 
Rokeby (T ) The Diary of Mr Justice Roheby 4to [London 1888 ] 
[Privately printed ] Sir H Peek Bart 

Spencer (J W) Glacial Erosion in Norway and in High Latitudes 
8vo [ Montreal 1887] Notes upon Warping of the Earths Crust 
in its relation to the Origin of the Basins of the Great Lakes 
8yo 1887 The Anthor 

Zeiller (R ) Etudes des Gttes Mindraux de la Franoe Basam Honiller 
de Valenciennes Description de la 1 lore Foesile 2 vols 4to 
Pant 1888 Le Minis tre des Travaux Publics Pans 
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June 14, 1888. 

The Eight Hon. tho EARL OF EOSSE, Vice-President, in the 
Chair 

The Eight Hon. John Hay Athol Macdonald (Lord Advocate), 
Mr. Thomas Andrews, Mr. James Thomson Bottomley, Mr. Charles 
Vernon Boys, Professor Arthnr Herbert Church, ProfeRsor Charles 
Lapworth, Professor William Ramsay, Mr. Thomas Pridgin Teale, 
Mr. William Topley, Professor Henry Marshall Ward, and Mr. William 
Henry White were admitted into tho Society. 

The Presents received were laid on the table, and thanks ordered 
for them. 

Tho following Papers were read : — 

I. “ The Minimum-point of Change of Potential of a Voltaio 
Couple.” By G. Gore, F.R.S. Received May 20, 1888. 

In a previous communication on “ The Effect of Chlorine on the 
Electromotive Force of a Voltaic Couple ” (‘ Boy. Boo. Proc.,’ 
May 3rd, 1888), I described a phenomenon which I now venture to 
term the “ Minimum-point of Change of Potential of a Voltaic 
Couple.” In that description a “ thermo-eloctnc pile ” is mentioned 
as having been used for the purpose of balancing tbe electromotive 
force of the couple, whilst finding the “ minimum-point of change.” 
As very few persons possess a thermo-electric pile suitable for the 
purpose, I have devised and employed the following arrangement by 
means of which the use of the pile may be dispensed with. 

Take a voltaic oonple, composed of an unamalgamated strip or 
stout wire of sine or magnesium (tho latter is usually the beBt), and 
a small sheet of platinum, immersed in distilled water ; balance its 
eleotrio potential through an ordinary galvanometer by that of a pre- 
cisely similar oonple composed of portions of the same specimens of 
the same metals, immersed the same moment as the other pair in a 
separate quantity of the same water, and gradually add to one of the 
two cells sufficiently small and known quantities of an adequately 
weak solution of known strength in a portion of the same water, of 
the substance to be used, until the balance is upset, and take note of 
the proportions of the substance and of water then contained in that 
cell. It ia more eaay to successively dilate than to successively 
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strengthen the solutions, and thus arrive at the “ minimum-point ” 
The method is a little less acourate than the one in which a thermo- 
pile is employed 

By means of this method, using a couple composed of magnesium- 
platinum m distilled water, I have found the following “ Minimum- 
points of Change of Voltaic Potential,' in solutions of potass c 
chloride, potassic chlorate, hydrochloric aoid, and chlorine I solected 
these substances because thoy were n presentativo ones, suitable to 
yield results foi oompanson, and because thoy gavo extreme and 
inteimediate magnitudes of the effect Ihe results arc compared 
with those obtained with a Mg + Pt couple and the thermopile 

Pntcutic Chloride KC1 

Solutiou at 18® C , “minimum point ’ lay botween 1 pait in 8875 
and 4650 parts of watei , and by the aid of the thnmopile, with 
the solution at 17° C “ minimum point ' betwoen 1 in 3875 and 
4305 

Potastic ChUnale, KC10, 

Solution at 10* C , “ minimum point” between in 1 m 46 r i0 and 51b6 
and with the pile, solution at 18° C , between 1 in 4920 and 5470 

Hydrockltnie And, 1101 

Solution at 17® C , “ mimmnm point” between 1 in 516,666 and 
664,285 , and by aid of the pile, solution at 10 " O , between 1 in 
516,666 and 574074 

Chlorine, Cl 

Solution at 18® C , “ minimum point * between 1 in 15,656,500,000 
and 19,565,210,000, and with the pile, solution at 12 5° C between 
1 in 17,000 millions and 17,612 millions 

These results show the great degree of delicacy of each method, and 
the extremely large difference of propoition of diffeient substance* 
required to upset the balanoe The two methods agree 

By employing a great variety of dissolved substances, I have 
found that nearly every such substance has a minimum proportion 
below which it has no apparent effect npon the electromotive force of 
a MgPt or ZnPt couple in distilled water, and this proportion 
appears to be a constant nnmber, dependent only npon very simple 
conditions, vis , unchanging composition of the voltaic couple and 
liquid, a uniform temperature, and employing tho same galvanometer 
The apparently constant numbers thus obtained may probably be 
used as tests of the pnnty or of the umfoisuty of composition of 
dissolved substances 

The ** minimum-point” and degree of sensitiveness vanes with, 
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lit, (he chemical composition of the liquid , 2nd, the kind of positive 
metal , 3rd, to a less degree with the kind of negative metal , 4th, 
the temperatuie at the surface of the positive metal, and at that of 
the negative one, and 5th, with the kind of galvanometer employed 
The order of the degree of sensitiveness or magnitude of the 
“ minimum point ’ is manifestly related to that of degree of chemical 
energy of the liquid and therefore also to the atomio and molecular 
weights of tho dissolved substances, and to the ordinary chemical 
groups of halogens With oeitain exceptions, it is also distinctly 
related to the amounts of chemical heat The greater the degree of 
free chemical energy of the dissolved sabstance and the gieater its 
action upon the positive metal, the smaller tho propoition of it 
required to upset the balance The proportion necessary for this 
purpose probably represents a fixed amount of volt&io energy in all 
cases vir , the amount necessary to overcome the mechanical inortia 
of the needle of the particular galvanometer employed 

As the “ minimum point of a chomically active substance dis- 
solved ra water is usually much altered by adding almost any soluble 
substance to the mixture, measurements of that point in a number of 
liquids at a given temperature with the same voltaic pair and galvano 
meter, will probably throw some light upon the state of combination 
and degreo of chemical freedom of snbatanceB dissolved in water 


II “On the Change of Potential of a Voltaic Couple by Varia- 
tion of Strength of its Liquid ' By G Gore, F R S 
Received May 31, 1888 

Having found a thermo electric pile (see ‘ Birmingham Phil 
Soo Proc ,’ vol 4, p 130) convenient in detecting and measuring 
small changes of voltaio potential (‘ Roy Soc Proc, May 3id, 1888) 
I have taken advantage of that circumstance to measure by the 
method of balance the above phenomenon in various liquids 
The following are a few examples of measurements thus made of 
the influence of vaiymg quantities of different substances upon the 
electromotive force of a voltaio couple composed of mno and platinum 
immersed in distilled water — 
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Table I. — KC10, in 465 grains of Water at 16° C. 



The strongest of the above solutions was a saturated one. 


Table II.— Ditto at 10° 0. 



The electromotive force gradually increased with the strength of the 
solution until 21 grains of the salt bad been added ; it then remained 
uniform up to the point of saturation. The total increase of electro- 
motive force was 01144 volt. The smallest proportion of salt 
required to upset the balance of the couple was 1 part in between 
221 and 258 parts of water. 


Table m.— KC1 in 465 grains of water at 12° C. 



The strongest of these solutions was saturated with the salt. 
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Table IV.— Ditto at 8° 0. 


0 ’001001 
0-000000 
0-000388 
0-000824 
0-000112 
Wster. 


0-002001 
0-001888 
0 001336 


1-164C 
11171 
1 0543 
1 0948 
1 080 
1 0614 


The electromotive force gradually increased with the strength of 
the solution up to 0 002 grain of tho salt, then decreased, and after- 
wards increased again up to 0 003 grain, and then remained constant 
until the saturation point was attained. The total increase of electro- 
motive force was 0 21736 volt The minimum proportion of chloride 
necessary to upset the balanco of potential of the couple lay between 
1 part in 695,067 and 1,390,134 parts. 


Table V. — HC1 in 465 grains of Water at 16-5° 0. 



The electromotive force increased gradually with the strength of 
the solution up to 0'06565 grain of the anhydrous acid, then remained 
constant until 010314 grain had been added, and then increased np 
to the strongest solution employed. The total increase of electro- 
motive force was 0-3688 volt. The smallest proportion of the anhydrous 
acid required to disturb the balance of the couple lay between 1 part 
in 9,800,000 and 9,388,185 parts of water. 
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Table VI.— Bromine in 465 grains of "Water at 12*5° 0. 

j Grain* . | Volt*. jj Grain*. j Volt*. 

1 9089 
l 8974 
1 8776 
1 ‘8716 
1 8743 


The strongest of these solutions was a saturated one The electro- 
motive force first decreased and then increased almost regularly with 
the strength of the liquid up to the saturation point. .The total 
amount of increase was 018 volt. 

Table VII.-Ditto at 16° C. 

| Gnun*. j Volt*. | Grain*. [ Volt*. 

1-7400 

1-73*9 
1-7200 
1-7172 
1 7027 


By gradually increasing the strength of the liquid, tho electro- 
motive force at first remained uniform, then increased, remained 
uniform again, then gradually increased, finally at a rapid rate. The 
total increase was 0*1719 volt. 


Table VIII.— Ditto at 1ST C. 



▼on. suv. 2 t. 


8-0 1-8740 1-6 

2 88 1 -8173 1 -38 

1 7 1 -7978 1 -8 

2-68 1-7887 1-06 

2-4 1 7087 0 9 

2 -28 1-7678 0 78 

21 „ 0 6 

1-96 1 7458 0 48 

1-8 „ 0 2 

1-66 „ 0 18 


20-10 1-9740 9 84 

18-89 1-9608 8 13 

10- 68 1-9617 0-42 

14-97 1-9403 4 71 

13-20 1-9817 8-00 

11- 66 1*9203 





800 Mr G Chore. Chemical Euti gy of EUctrolytci {Jurfe 14," 

By regularly increasing the strength of the solution, the electro- 
motive foioe at hrst moreased veiy rapidly, then with decreasing 
rapidity and finally remained uniform The total increase was 
0 38 volt The smallest proportion of bromine required to upset 
the balance lay between 1 in 77,500 000 and 84 545000 parts of 
water 

With each of these substances and with all others which I havo 
examined, a gradual and regular increase of strength of the solution 
from the weakest up to a saturated one was attended by a more or 
less irregular change of electromotive force 

By plotting the quantities of dissolved substance as ordinates to 
tho electromotive forces as absciss® each substance or mixture of 
substances in ovory case yielded a different curve of variation of 
electromitive force by uniform!) changing the strength of its sola 
tion With a given voltaic con pie at a given temperature, the enrvo 
was constant and chaiactonstic of the substance As tno least addi- 
tion of a s luble foreign substance greatly changed the 1 minimum- 
point an 1 altered the carve of variation of potential both the 
cuive and tho minimum proportion of a snbstanoo required to upset 
the voltaic balance may piobably be used as tests of the chemical 
composition of tho substance and as means of examining its state of 
combination when dissolved By varying the strength of tbo solution 
at each of the motals separably, a curve of change of potential 
was obtained for each positive metal, but not for every negative 
one 


III "Influence of tho Chemical Energy of Electrolytes upon 
the ‘Minimum Point ’ and Change of Potential of a Voltaio 
Couple m Water" By G Gore, F R S. Received June 7, 
1888 

In a communication to the Royal Society, May 3rd, 1888, on “ The 
Effect of Chlorine upon the Eleotiomotive Force of a Voltaic 
Couple,’ and m a subsequent one on " The Minimum Point of 
Change of Potential of a Voltaio ( ouple, ’ I have shown that by 
opposing to each other two currents of equal eleotiomotive force from 
two perfectly similar couples of magnesium platinum or sine- 
platinum in distilled water, and gradually adding to one of the cells 
sufficiently minute quantities of a suitable substance, such as 
chlorine, hydrochloric acid, or a soluble salt, do , the voltaic balanoe 
is not disturbed until a certain definite proportion of the substance 
has been added, and that the proportion required to be added is 
excessively small (about 1 in 17,000 millions) in the oase of oblonne 
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with a magnesium-platinum oouple, and extremely different with 
unlike substance*. 

In the present paper my object is to describe a few similar experi- 
ments, made to examine the influence of liquids of different chemical 
composition, upon this phenomenon and upon the degreos of electro- 
motive force prodneed by fnrther additions of the substances All 
the solutions were made with distilled water, and tho substances 
employed were of considerable degree of purity. The voltaic cell 
consisted in each case of sine and platinum in distilled water, and its 
electromotive force was balanced by that of a suitable thermo-electi io 
pile (see ‘Proceedings of the Birmingham Philosophical Society,’ 
vol 4, p. 130), and the measurements made under that condition. 

The electromotive force of a sine-platinum couple in ordinary 
distillod water at 16° C. is abont 10H8 volt; provided the sine is free 
from oxide, and the platinum contains no absorbed hydrogen. The 
presence of hydrogen (not removable by rubbing but removablo by 
heating to redness) may reduce tho electromotive force to 0 91 volt, 
and a film of oxide upon tho sine may reduce it 1 or 2 per cent , 
whilst carbonic acid absorbod by the water from the air, &c., may 
increase it about 2 per cent. In all cases, therefore, where very 
exact measurements of electromotive foroe are necessary, these cir- 
cumstances have to be oonsidcred. In the present case the measure- 
ments aro sufficiently accurate for the purposes intended. 

A Berios of measui-ements were made with a sino-platinum couple 
in water, adding uniform quantities of hydrochlono acid up to 
0 - 15 grain per 465 grains of water, and heating the platinum to 
redness previous to each measuromout. The variations of oleotro 
motive force obtained were nearly the same as when the platinum was 
not heated, the only material difference being that the electromotive 
force throughout was about 0‘ 10 volt higher. 

The following aro the results of the experiments made upon tbe 
influence of the chemical energy of the liquid. The numbers are 
corrected for the influence of hydrogen absorbod by the platinum. 

Table I.— KIO, in 465 grains of Water at 15° 0. 

87 05 
84'08 
81-05 

88 08 
28-08 

The strongest solution employed was a saturated one. Fonr 
different solutions, each weaker than 094 grain, gave the same, 

2 a 2 
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electromotive force as water The least proportion of the lodate 
necessary to upset the balance lay between 1 part in 448 and 
494 parts of water 1 he increase of electromotive foroe by increased 
strength of the solution was nearly regular, as may be seen by 
plotting the quantities of substance as ordinates to the electromotive 
forces as absoissee In ordei to remove any traoe of free iodine, the 
lodate was previously kept at 100° C during one hour , it was then 
perfectly white and free from odour 


Table II — KBrOj in 465 grama of Water at 14° C 


16 6 
18 0 
16 B 


1 8344 
1 8000 
1 2600 


The strongest solution was a saturated one 


Table III —Ditto at 15° C 




Volts 


Eight other solutions, all of different strengths below 1 2006 gave 
the same eloctromotive force as water lhe smallest proportion of 
bromate required to upBet the balanco lay between 1 in 344 and 
387 parts of watei The increase of electromotive force by increase 
of strength of the solution was exti eraely irregnlar 
The effects obtained with solutions of potassio chlorate have already 
been given m the paper on “ The Change of Potential of a Voltaic 
Couple by Variation of Strength of its Liquid ” The smallest 
proportion of the salt required to disturb the voltaic balance lay 
between 1 in 221 and 258 parts of water Three solutions, each 
weaker than 1 8 grain in 465 grains of water, via , 0 09, 0 009, and 
0 0009 gram, gave tho same electromotive force as water 
The following table shows the results obtained with this group of 
•alts - 
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Table IV. 

Iodate, minimum point of change lay between 1 in 443 and 494. 

Bromate, „ „ „ 1 „ 344 „ 384. 

Chlorate, „ „ „ 1 „ 221 „ 258. 

The minimum point* of change of those three salt* constitute a 
series indicating a gradation of dogroo of chemical union of the 
negative constituent of the salt with its boBo, feeblest in the iodate, 
intermediate with the bromate, and strongest in the chlorate. The 
more feebly united the negative constituent, the smaller wsb the 
proportion of the salt required to disturb the voltaio balance. 


Table V.— KI in 465 grains of Water at 15° C. 



Table VI.— Ditto at 13* 0. 


Omni. 

Volts. 

Grams. 

VolU, 

Grams. 

VolU. 

678 

1-1728 

426 

1 1556 

174 

1 1666 

604 

1 I8y9 

842 


90 


(10 

1-1666 

258 

” 

6 

” 

Table VH.-Ditto at 14° C. 

Grains. 

VolU. 

Grams. 

. 

Volts. 

Grains. 

Volu. 

6 00 

1-1666 

4-88 

1 0684 

8 69 

1-0684 

6-40 

1-1442 

4-29 


8-00 

’’ 
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Table VIII.-Ditto at 19" C. 




Volt*. 




Volta. 


3 0 
2-07 


1*0407 
1 0533 


2 34 1 -0607 

2 01 1 0720 


1 0533 
1-0097 


0 36 1 -0697 

0 03 1*0716 


The great solubility of the salt rondorod several groups of measure- 
ments necesRary in order to include the entire range of solution. The 
salt was odourless and colourless, but slightly alkaline. Tho smallest 
proportion of the iodalo necessary to change the balance lay between 
1 in IS, 500 and 17,222 parts of water. The variation of electro- 
motive force with strength of solution was very irrogular. The 
greatest electromotivo force was with a solution containing from 
680 to 700 grains of the salt. 


Tablo IX. — KBr in 4G5 grains of Water at 12 5° 0. 




Volta. 




Volta. 




1 -1442 
11771 
1 -2314 
1 2171 


1G3 

123 

08 

63 


1 2157 
1 2314 
1*1185 
1 230 


33 

3 


Volta. 


1 280 
1 23.7 


The Balt was well crystallised, dry, odourless, and neutral to test- 
papor. The strongest solution of it was a saturated one. 


Table X.-Ditto at 9" C. 


VolU. 




Volt.. 


0-03 

0-02067 

0-02331 

0-02001 


0-01668 
0-01885 
0-01001 
0 00609 


1-8015 

1-2872 

11871 


Six different strengths of solution, each weaker than 0*0036, gave 
the same electromotive force as water. The smallest proportion of 
tho salt which npset the balanoe lay between 1 part in 66,428 and 
67,391 parts of water. 
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Table XT.— KCl in 465 grains of Water at 12° C. 


The strongost solution was a saturated one. Fonr other solntiona 
between those of 129 and 147 grains were tried, but the/ all gave 
1-80436 volt. The absciss® of tho electromotive forces in this table 
formed a straight line. 

Table XII.— Ditto at 8° C. 


Tolu. 




Volt.. 




VolU. 


0 008 
0 00*067 
0 '002384 
0 002001 
0 •001608 


1-3056 
1 2071 
1 2043 
1-2443 


0-001336 
0-001001 
0 000660 1 
0 000660 I 

0 000386 1 


1-2011 
1 1728 
1 1412 
1 087 


0-000224 

0-000112 


The smallest proportion of the salt necessary to disturb tho voltaio 
balance lay between 1 in 695,067 and 704,540 parts of water. The 
variation of elootromotive force in these solutions was not nniforra. 

The following table Bhows the proportions of these three sRlts 
required to upset the balance : — 

Table XIII. 

Iodide, between 1 in 15,500 and 17,222 parts of water. 

Bromide „ 1 „ 66,428 „ 67,891 „ 

Chloride „ 1 „ 695,067 „ 704,540 „ 

By comparing these numbers with those in Table IT, it will be 
peroeived that each of the haloid salts acted much more powerfully 
than either of the oxygen ones, and that the order of degrees of 
activity in the two series was reverse. 

(Suspecting a decomposition of the chloride solution by the ooqple, 
I divided a solution of 8 grains of the salt per ounce of water into 
two equal portions in two glass vessels, then immersed a piece of sine 
wire in one portion, and a second pieoe of the same wire in contact 
with a pieoe of platinum in the other, and set the vessels aside. In 
about 24 hours the liquid containing the couple was distinctly alkaline, 
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■whilst the other remained neutral. I hare examined this phe n omenon 
further.) 

The three halogens of the ealte were now employed separately. A 
saturated solution of iodine was prepared by digesting a weighed 
amount of that subetanoe in a known volume of hot distilled water in 
a stoppered glass flask with continual agitation ; it contained 1 part 
of dissolved iodine in 3516 parts of water. 

Table XIV. — Iodine in 465 grains of Water at 13-5° C. 




0-1320 
0-1191 
0-1062 
0 0933 


0-0804 
0 0075 


Volt*. 


1-874 


Gi-sin*. 


0 0546 
0-04L7 
0 0288 
0 0159 


0-008 
0 -0003 


Tolls. 


l'S74 


1 2659 
1 1873 


Grains. 


Volts. 


0 00015 1-0894 

0 0001*2 1 088 

0-000076 „ 

water „ 


Four other eolations, weaker than 6-000075 grain, gave each 
1088 volt. The minimum proportion of iodine required to upset the 
balanoe lay between 1 part in 3,100,000 and 3,521,970 parts of water. 
Except in very weak solutions, variations of strength of the liqnid 
had no effect upon the electromotive force. 

The effects obtained with bromine have already been given In the 
paper on “The Change of Potential of a Voltaio Couple by Variations 
of Strength of its Liquid.” The smallest proportion of that substance 
required to disturb the balanoe lay between 1 part in 77,600,000 and 
84,545,000 parts of water. By dissolving bromine in the proportions 
of 0-000075, 0-00015, 0 0001G5, and 0 0001 8 gram respectively in 13,950 
grains of distilled water at 12*0., the three first of these solutions gave 
the same potential with sino-platinum as that given by water, whilst 
the fourth gave 0-0064 volt greater. 


Table XV.— Chlorine in 465 grains of Water at 11° C. 


Grains. 

Volts. 

Grains. 

Volts. 1 

Grains. 

Volts. 

1 0696 
1-0008 
0-9300 

0 8616 
0-7988 
0-788 

8-318 

8-3206 

8-8840 

8-8698 

0-6587 

0 5844 
0-6161 
0-4468 
0-8766 
0-8078 

8-3849 

8-888 

8-3002 

8-8891 

8-8677 

0-8879 

0-1686 

0-0998 

0-0800 

8 8406 
2-8868 
8-2804 
8-886 


The strongest solution was about three-fourths saturated. 
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Table XVI.— Ditto at 13* 0. 



Table XVII.— Ditto at 13° C. 



Table XVIII.— Ditto in 13,950 grains of Water at 11° 0. 



The mode by which the chlorine- water was prepared and its strength 
ascertained has been already described ('Boy. Soo. Proc.,’ vol. 44, 
1888, p. 151, ‘Nature,’ vol. 38, p. 117). The minimum proportion 
of ohlorine necessary to upeet the balance was found more nearly by 
adding very small quantities of an exceedingly dilute solution of it 
to the water until the required strength was attained, thus avoiding 
the risk of error attending more numerous dilutions. The proportion 
lay between 1 in 1264 million and 1800 million parts of water. The 
variation of tlectromotive force by uniform increase of the strength 
of the solution was irregular. 

The following are the minimum proportions of iodine, bromine, and 
chloride, arranged far comparison ; — 
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Table XIX — Minimnm Proportion* 

Iodine, between 1 part in 3,1 00,000 and 3,521,970 
Bromine „ 1 , 77,500,000 „ 84,545,000 

Chlorine , 1 „ 1264,000,000 „ 1300,000,000 

This senea of nnmbors gnggeata a quantitative relation of the 
“minimum proportions ” to the atomio and molecular weights of the 
anbstanoea 

On compai mg these numbers with those of the two previous 
groups of bodies, we find that the proportion of substance loqutred to 
upset the voltaic balance was largest with the oxygen salts, inter- 
mediate with the huloid ones, and least with the free elementary 
bodies It was smaller the greater the degree of ohenucal energy of 
tho substance , thus it was about 400 timos less with t hlonne than 
with iodine And it was smallei the greater the degree of freedom 
to exett that energy , thus it was about 5,416,000 times smaller with 
free chlorine than with potass u. chlorate, or 1,570,000 times less than 
with the combined chlorine of tho chlomte, and about 185 braes 
smallei than with potassio ohlonde, oi 88 times less than with the 
combined ( hlonne of that salt 

At the lowest potentials, the late of increase of electromotive force 
per gram of substance is usually larger the smaller the propoition of 
Bubstance neoessary to disturb the potential Iodine is an exooption 
to this, bat probably only an apparent one, because on snbstitnting 
magnesia m for the zino, the addition of iodine caused an increase of 
potential as usual 

The curve of variation of potential was different with the solution 
of each substance, and was apparently ohaiocteristio of the body in 
each case, and a great number of such representative omves might 
be obtained by change of strength of solution, in nearly all electrolytes, 
with a sine-platinum or other voltaic oonple 


IV. “ The Electrio Organ of the Skate. The Eleotrio Organ of 
Raw i adxata By J. C Ewart, M.D., Regius Professor of 
Natural Histoiy, University of Edinburgh. Communicated 
by Professor J. Bubdon Sanderson, F.R.S. Reoeived 
June 6, 1838. 

(Abstract ) 

The first part of this paper is chiefly devoted to a comparison of 
the eleotnc oigans of Raw raduUa , R batu, and R. nrcularu It is 
shown that the organ in the tpeoies radtata differs in many respects 
from the organ in the two other species, and that an exhaustive 
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stndyof its structure and development is likely to thro* considerable 
light on the nature of electric organs generally, and also on the 
structure of the motor plates of muscles. While B. batie may reach 
a length of over 180 cm , R. radxata seldom measures moro than 
45 om. from tip to tip, and is thus only about half tho sue of a large 
B. circular it. In B. radxata the electric organ is absolutely and rela- 
tively extremely small. In B bait* the electno organ may be 60 cm. in 
length and 7 cm. in circumference at tho centre, and oxtond from 
the skin to the vertebral column, but in an adult if. rndiata the organ 
is seldom over 13 cm. in length and 8 mm. m circumference, and tho 
posterior two-thirds is confined to a narrow cleft between the skin 
and the great latoral muselea of the tail. Farther, tho organ of 
B. radiata consists of minute shallow cups, which only remotely 
resemble the large well-foi-med electric cups of It circularis. In tho 
latter species the various layers of the electric cup are readily com- 
parable to the more important layers of the electno disk of R. batie, 
but in B. radiata the electric cup is little moro than a muscular fibre, 
with one end expanded and slightly excavated to support a greatly 
enlarged motor plato, in which terminate numerous nerve-fibres. 
The striated layer of JB. batis and R. circularis, which consists of cha- 
racteristic lamella) having an extremely complex arrangement, is 
entirely absent from R. radiata, the eloctrio layer is indistinct, and 
instead of a thick richly nucleated cortex, the cup is merely invested 
by a slightly thiokened saroolemma. Further, the tissue forming 
the shallow, thick-walled cup, both in its appearance and con- 
sistenoy, closely resembles an ordinary muscular fibro, while the long 
stem usually remains distinctly sLriated to its termination. 

In the second part of tho paper an account is given of the develop- 
ment of the electrio cups of B. radiata. It is shown that the rate of 
development compared with B. circularis, but moro especially with 
B. batis, is extremely slow. The young B. radiata is nearly double the 
sise of the R. batis embryo before the muscular fibres reach the “ club ” 
stage, and the long nearly uniform clubs, instead of at once developing 
into rudimentary cups as is the case in B. batis, assume the form of 
large Indian dabs. When the young skato reaches a length of about 
85 om., the long aeoondary (Indian) clubs begin to expand anteriorly, 
and this expansion continnes until a fairly well moulded cup, mounted 
on a long delicate stem is produced. But tho prooess of conversion is 
scarcely completed when the skate has reached a length of 40 om., 
i.e., when it has nearly reached its fall sise, for in the species radiata 
a length of 50 cm. iB seldom if ever attained. 

The cup-stage haring been eventually reached, the stem, which for 
a time may still increase in length, is often compressed by two or 
more cups being closely applied together, and part of the rim of the 
cup may be slightly everted or projected forwards, but even in the 
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largest specimen* of B radiata examined there vu never any 
indication of retrogressive change* 

The small sue of the electno organ, together with the shallow oese 
of the minute caps of which it consists, seems at first to indicate 
that in B radiata we have an electno organ in the act of disappearing 
Bnt when the organ of the species radiata is carefully compared with 
the organ of the species batu and circular", the evidence seems to 
point m an opposite direction and the view that the onpsof B radiata 
are m process of being elaborated into more complex structures, such 
ns already exist in B et rculant, is apparently oonfirmed by the develop, 
mental record Were tho electrical organ of R radiata a mere vestige 
of a larger strnotnre which formerly existed, we shonld expect to 
find the motor (electno) plate incomplete, or only occnpymg a portion 
of the electno cup and the nerves proceeding to it, either few m 
number or undergoing degenerative changes Bat instead of this we 
have a relatively large bunch ot extremely well developed nerves pro 
oeoding to the electno plate which is not only complete, bat extends 
some distanoe over tho nm of tho onps Further there ib no indica- 
tion of the walls of tho cup having ever consisted of extremely com- 
plex lamelliB, snob as we have in B circulaiit They consist of a 
nearly solid mass of muscular tissue, scarcely to be distinguished 
from the unaltered adjacent muscular fibres The eleotno oup of 
B radiata may in feet, when its structure alone is considered be said 
to be a muscular fibre which has been enlarged at one ond to support 
a greatly overgrown motor plate Bnt the development of the electno 
cups is evon more suggestive than their structure Had the muscular 
fibres m B radiata assumed the form of clubs before the young skate 
escaped from the egg capsule , had tho clubs been rapidly trans- 
formed into electno cups , and had the cups soon after reaching com- 
pletion begun to disappear, the evidenoe in favour of degeneration 
would have been complete But, as has been indicated, the conversion 
of the muscular fibres into an electno organ is late in beginning, and 
the clubs having appeared, pass slowly through a prolonged senes of 
intermediate stages before they eventually assume the oup form 
Further, as has already been mentioned, in the largest specimens of 
B radiata examined no evidenoe was fonnd of retrogressive changes, 
either in the cup proper, or in the numerous nerves passing to its 
electno plate Hence it may be inferred that the electno organ of 
B radiata, notwithstanding its apparent uselessness and its extremely 
email sue, is in a state of progressive development 
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V. “On oertain Definite Integrals. No. 16.” By W. H. L. 

Russell, F.R.S. Received May 31, 1888. 

In these papers I have considered incidentally the advantages 
gained by differentiating and integrating with regard to the quanti- 
ties which are independent of the leading variable In the present 
communication I enter upon this subject more systematically, as it 
evidently admits of wide extension. 
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(See No 88 of this series.) 
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This is obtained from integral 21 of this series, whore, howover, in 
the denorainatois of the integral cos tan 0 is misprinted ooa 0 
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See integral 22. 
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See Abel, ' CEnvres Completes,’ vol. 2, page 68. 
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See integral 116 of this series. 
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Again, since 

r d a fU\ 

J 0 1 — 2a cos 0 + a 8 1 — a* 
we may write if /(a) be a rational fraction 

r 1 L)al- 

J 0 d0 \~-iTZ. & \<*‘ - a •-»-*) M 

and, therefore, 
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Let now 0(*) = {** ^ ^ + |j} x ® 

be a relation connecting the two fnnetions 0(«) and %(*)• 

Thena0(<r) = ("^)*X (*X w»d we may put <e0 (*) « A** + A!*? 
+ . . + A**"* 1 + . . ., then making use of the symbol (* » we 
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x ( d ) = a + A , £ + A a |, + . .y 

Bat £ ^ _1 ( hg -vJ dv = ^ T( 3 ) 

Therefore we shall find 

%(*) = gf o *( l0 8. + Ai*« + • •) 

or j 1 ^(log.J)V (tw) = 

As a 0 (a) or (x (*) c»a have no constant torm, all the terms of 
the expanded form of ^a *0 (*) are suitable for the application of 
the definite integral. 

Again let 0 (a) = (* s £p + 9 * + 15 5) 

then a0(») = xW 

“ « x(») = ^ *"• *" 8 5T ** • **<*> 

and a0 (a) = A„* + A,* 8 + . .+ A,_, — »» + ... 

„ , , v A„a . A.a* . , An.,0* 

we find x(a) * i.3. 5 + 2 . 4 . 6 + + a (a + 2)(» + 4) + '" 
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or if we pleue P Ju (1 — **)*$ (xu) =x 
Jo 
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If we pat x( x ) = »* + » ia this integral, we ehall obtain a per- 
fectly correct result. 

I discovered the following integral some years ago. It may have 
been discovered before, although I have been unable to meet with it. 

j* de 0 (2 oosfl)--i sin (n 4- 2r + 1) 6 

n 1.2.3 r 

* 1 4 ‘ m (m + 1) (m 4 2) . . . . (m + r) ' 


Prom this may be deduoed an enormous number of results, as will 
be at once apparent. I will write down two of them. 
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"VL “ On Meldrum's Rules for handb’ng Ships in the Southern 
Indian Ocean.” By Hou. Ralph Abrkouoiibt, F.R. Met. 
Soo. Communicated by R, H. Scott, F.R.S. Received 
June 7, 1888. 

(Abstract.) 

The results of this paper may be summarised as follows: — 

The author examines eritioally certain rules given by Mr. C. 
Meldrum for handling ships daring hurricanes in the South Indian 
Ooean, by means both of published observations and from personal 
inspection of many unpublished records in the Observatory at 
Mauritius. The result confirms the value of Mr. Moldrum's rules ; 
and the author then develops certain explanations, which have been 
partially given by Meldrum, adds slightly to the rules for handling 
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ships, and correlate* the whole with the modern method* of meteor- 
ology- 

As an example, a hurricane is taken which blew near Mauritius on 
February 11, 12, and 18, 1801, and the history of every ship to which 
the rules might apply is minutely investigated. The result, dividing 
Meldrum’s rules shortly into three parts, is as follows : — 

Buie 1. Lie to with increasing south-east wind till the barometer 
has fallen 6-lOtha of an inch. Seven cases, rule right in every oase. 

Buie 2. Bun to north-west when the barometer has f&llon 6-lOths 
of an inch. Three oases, two failures, one success. 

Bale 3. Lie to with increasing north-east or east wind and a falling 
barometer. Seven cases, rule right in every instance. 

Rule 2 was exceptionally unfortunate in this ease, as the path of the 
central vortex moved in a very uncommon and irregular manner. At 
the same time, in any onse, it appears to bo about equally hazardous to 
follow this rule or to remain hove to. 

Tho following statements are then examined in detail : — 

The shppe of all hurricanes is usually oval, not circular. An elabo- 
rate examination is made of hurricanes on 60 different days, in 18 
different tropical cyclones in varioas parts of the world, with the 
following results — 

1. Out of 60 days, oyolones were apparently circular on only four 
occasions, and then the materials nro very scanty. 

2. Tho shape was oval on the remaining 56 days, but the ratio of the 
longer and shorter diameter of the ovals very rarely exceeded 2 to 1. 

8. The centres of the oyolones were usually displaced towards some 
one side. No rule can he laid down for the direction of displacement, 
and in fhot the direction vanes during the progress of the same 
cyclone. The core of a hurricane is nearly as oval as any other 
portion. 

4 The longer diamoter of the ovals may He at any angle with 
reference to the path of the cyclone ; but a considerable proportion lie 
nearly in the same line as the direction of the path. 

5. The association of wind with the oval form is such that the 
direction of the wind is usually woro or less along the isobars, and 
more or leps incurved. This is the almost invariable relation of wind 
to isobars all over the world. 

From an examination of the whole it is proved conclusively that 
no rule ii possible for determining more than approximately the porition 
of ike central vortex of a cyclone ly any observation* at a tingle -elation. 

The relation of a hurricane to the south-east trade is then discussed, 
and it is shown that there is always what may becalled “ a belt of inten- 
sified trade wind” on the southern side of a cyclone, while thehnrri- 
oane is moving westwards. In this belt a ship experiences increasing 
•oath-east winds and squalls of rain, with a falling barometer, but is no* 
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■within the true storm field The difficulties and uncertainties as to 
handling a ship in this belt are greatly increased by the facts that 
the longer diametei of the oval form of the cyclones usually lies east 
and West and that there is no means of telling towards which side 
of the oi al tho vortex is displai t d 

lhe nrontet incurvature of tho wind in rear than m front of hnm- 
oanes in the Southern Indian Ocean is next consider**] and then facts 
are oollietc 1 fiom other hurricane countries confirmatory of Meldrnms 
rules for the Mauritius 

Snipping and Dobenk in the China Seas find littlo incurvature of 
the wind in front bat much in rear of typhoons 
Mr Wilson finds in the Hay of Bengal that north tast winds 
prevail over many degrees of I mgitude to the north te in front ot 
a cyclone and this is analogous t > the belt of inter sited trade so 
charactenst c of Mauritius bun Kanos 

Padre Vines finds at Ha\ ana that the inenrvatnie of hutnoane 
winds is very slight in front an 1 very gieat m lear 

The author then details further losourehes on the nature of cyclones, 
which bear on the rules for handlu g ships 

1 Induati ins derived fiom the form and motion of clou Is It is 
shown that tho direction of the lowei olouds is usually more nearly 
eight points from the bearing of the vortox than tho surface wind , 
but as tho dm < turn varus with tho height of the (lends and as this 
height can onlj be estimated th s iact is not of much vsluo 

2 Looking at the veitical succession of wind currents m the 
Southern Indian Ocean if the match ot the upper clonds over the 
snath east tiadc is more from the east then the cyclone will pass to 
the north of the observei but if the npper clonds move more fiom 
the south than the surface wind, then tho humcane will pass to the 
s mtli of the observer 

3 As to the form and position of clou la bo soon as tho npper 
regions commence to be ooveied tho direction in which tho cirrus 
sell is densest gives approximately tho bearing of the vortex Later 
on, the characteristic clond bank of the hurricane appeals and the 
greatest and heaviest mass of the bank will appear sensibly m the 
direction of the vortex 

The n regular motion of the centre of a cyolono is next discussed 
and it is shown that the centre often twists and swavs about, in some 
oases even describing a small loop 
From all the facta relative to tho nature of oyolones adduced m 
this paper it is shown tint the attempts which have been made — 

1 To estimate the track of a oyclone by projoction 
<2 To estimate the distance of a ship from the voi tex, either by 
taking into aooount the entire absolute fall, or by noting the rate of 
fall, can lead to no useful result 
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A senes of revised lules for handling ships m hurricanes in any 
part of the world is given Companng these rales with the older ones 
it will be remarkod — 

1 That thornle for finding approximately the bearing of tbo voitex 
is slightly modified 

2 lhat the great rales of the “ laying to ’ tai ks remain nnnlt rt d 

3 That the greatest nnpiovement is tbs recognition of the positi in 
and nature of th< belt of intensified tra lo wind m tlie dangeious 
sule of a linrneane where a ship experiences increasing wind without 
change of dnoction and a falling barometer Hit old ilea that such 
conditions show that a vessel is then n ecewmly exactly on the lino 
< f advance of a hurricane is erroneous She mm bnt sho net 1 not 
be and under no cncnmstaucts should she run till the baiurnt tci lias 
fallen at least b-lOtha of an inch 

4 There ate oertam lulos wluoh hold for all hurtnanos but eteiy 
district has a special senes due to its own li cal peculiarities 1 hoso 
for the Southern Indian Octan are given in this piper 


VII ‘ M ignetio Piopcrties of an Impmo Nioktl ’ By J 
IIopkinsov 1 It S Received Juno 9 1888 

IPiSTFS 2— 18] 


The samplo of nickel on which these experiments wete made was 

supposed to be fairly pure when the expci imonts begun A sub 
mqnent analysis, however, showed its com positi n to be as follows — 

Nckol 

O'H 

Cobalt . 

ooo 

Copper 

1 52 

Iron 

105 

Carbon 

1 17 

Sulphur 

0 08 

Phosphorus 

minuto traco 

Loss 

01J 


100 00 

The experiments comprise determinations of the curve of magneti 
nation at various temperatures, the magnetising forre being increased, 
that is to say, they are confined to a determination of tl e ascending 
curve of magnetisation lhe tempeiatore was always produced by 
enolosing the object to be tested in a double copper oas ng with an 
air space between the two shells ot the casing and by heating the 
casing from without by a bunstn burner Ihe tempt ifttnre was 
measured by determining the electrical resistance of a coil of coppor 
■wire The copper was first roughly tested to asoeitaiu that its 

2 b 2 
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temperature coefficient did not deviate far from 0-0388 per degree 
centigrade of its resistance at 20° C. ; 1 wae unable to detect that 
the coefficient deviated from this value in either direction. The 
temperature may therefore be taken as approximately accurate. 

The nickel had the form of a ring— fig. 1. On this ring wa« 
wound in one layer 83 convolutions of No. 2? B.W.G. copper wire 
carefully insulated with asbestos papeT to serve aa measurer of 
temperature and as secondary or exploring coil. Over this again, a 
layer of asbostos paper intervening, was wound a coil of 276 con- 
volutions in five layers of No, 19 B W.G. copper wire to serve as the 
primary coil. 

The method of experiment was simply to pass a known onrrent 
through the primary, to reverse the samo and observe the kick on a 
ballistic galvanometer due to the enrront induced in the secondary. 
At intervals tho secondary was disconnected, and its resistance was 
ascertained for a determination of temperatnro. Knowing the 
current it is easy to calculate tho magnetising force, and knowing the 
constants of the galvanomoter it is cosy to calculate tho induction 
per square centimetre. The practice was to begin by heating tho 
ring to a temperature at which it ceased to be magnetio, then to 
lower the gas flame to a certain extent and allow the apparatus to 
stand for some time, half an hoar or more, to allow the temperature 
to beoomo steady, then determine the temperature, then rapidly make 
a senes of observations with ascending force, lastly, determine the 
temperature again. The ring was next demagnetised by a eerie* of 
reversals with diminishing currents. The flame was further lowered, 
and a second series of experiments was made. It was then assumed 
that the previous magnetisation would have a very small effect on 
any subsequent experiment. As the substance turned out to be far 
from pure nickel, it is not thonght worth while to give actual 
readings. Tho results are given in the accompanying curves. Nos. 1 
to 14, in which the abscissa represent the magnetising forces per 
linear centimetre, the ordinates the induction per square centimetre, 
both in C.G.S. units. Curves 15 and 16 give the results of Professor 
Rowland* for pure nickel at the two temperatures at which he 
experimented. In curres 17 to 20 are given the inductions in terms 
of the temperature for stated intensities of the magnetising force, 
tbs ordinates being the inductions, the abscissa the temperatures. 

An inspection of these curves reveals the following facts;— 

1. In my impure niokel muoh greater magnetising forces are 
required to produce the same iuduotion than are required in Professor 
Rowland’s pure nickel. 

2. The portion of tho curve which is concave upwards in my 
sample is less extensive and less marked than in his. 

• ' Phil. Mag.,’ November 1874. 
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8. The magnetisation of my impure nickel disappears about 

810° C. 

4. A little below the temperature of 310" C tbe induction 
diminishes very rapidly with increase of temperature. 

5. At lower temperatures still tho induction increases with riso of 
temperature for low forces, diminishes for high forces. This fact has 
been observed by several exporiraontere. 

Specific Heat. — The object here was simply to ascertain whether or 
not there was marked change at the temperature whon the nickel 
oeaaes to be magnetic. It appeared that this question could be best 
answered by the method of cooling, and that it mattered little even 
if it were roughly applied. A cylinder of nickel (fig 2, Plate 13) 
was taken, 5‘08 cm. diameter, 5'0H cm high, having a cucumfirential 
groove, 15'9 mm deep and ti 35 mm wide. lu this groovo was wound 
a ooppcr wire, well insulated with asbestos, by the resistance of which 
the temperature was determined. The cylinder was noxt enveloped m 
many folds of asbestos paper to insure that the cooling should he slow, 
and that consequently the temperature of the nickel should bo fairly 
uniform and equal to that of the copper wire. The whole was now 
boated over a bunsen lamp till tlie temperature was considerably 
above 310° C. ; tho lamp was next removed, and the times noted at 
which the resistance of tbe ooppor wire was balanced by successive 
values in the Wheatstone's bridge. If 0 bo the temperature, and t be 
time, and if the spocifio heat be assumed constant, and the rate of 
loss of heat proportional to the excess of temperature, ki? + 0 = 0 

or k log 6 + (f — /„) = 0. In curve 21 tho absciss® represent tbe time in 
minutes, the ordinates the logarithms of tho temperature , the points 
would lie in a straight line if the specific heat were constant. It will 
be obeervod that tho curvature of the curve is small and regular, 
indicating that although the specific heat is not quite constant, or the 
rate of loss is not quite proportional to the excess of temperature, 
there is no sudden change at or about 310° C Henco we may infer 
that in this sample there is no great or sudden absorption or libera- 
tion of heat occurring with the accession of the property of 
msgnetisabihty. 
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VIII. “ Experiments on Carbon at high Temperatures and under 
great Pressures, and in ooutact with other Substances.” 
By the Hon. Charles A. Parsons. Communicated by the 
Bight Hon. the Earl of Rossk, F.R.S. Received June 13, 
1888. 

The primary object of theae experiments was to obtain a dense 
form of carbon which should bo more durable than the ordinary 
carbon when used in arc lamps, and at the same time to obtain a 
material better suited for the formation of tho burners of incandosoent 
lamps. 

There were a considerable number of experiments made in which 
tho conditions were somewhat alike, and many were almost repetitions 
with slightly varying pressures aud temperatures. They may, how- 
ever bo divided into two distinct classes • tho first in which a carbon 
rod surrounded by a fluid under great pressnre is electrically heated 
by passing a large current through it, the second in which the liquid 
is replaced by various substances such as alumina, Bilica, limo, Ac. 

The arrangement of tho experiment was as follows A massive 
cylindrical steel mould of about 3 inclios internal diamotor and 
6 inches high was placed under a hydraulic press ; the bottom of the 
mould was closed by a spigot and asbestos-rubber packing — similar 
to the gas-check in guns ; the top was closed by a plunger similarly 
packed j this packing was perfectly tight at all pressures. In the 
spigot was a contrally borod hole into whioh tho bottom end of the 
carbon rod to bo treated flttod, tho top ond of the carbon rod was con- 
nected electrically to the mould by a copper cap which also helped to 
support the carbon rod in a central position The bottom block and 
spigot wore insulated electrically from the mould by asbestos, and the 
leading wires from the dynamo being (omiected to the blook and 
mould respectively, the current passed along the carbon rod in the 
interior of the mould. 

The fluid was run in so as to cover the rod completely. The plunger 
was then free to exert its pressure on the liquid without injuring tho 
oarbon. The pressure in tho mould was indicated by the gauge on 
the press. 

Experiment!. Clou I. 

Among the liquids tested were bensene, paraffin, treacle, chloride 
and bisulphide of carbon. 

The pressures in the mould during the several experiments were 
.maintained at from 5 to 15 tons per square inch ; tho initial rise of the 
rod was m all oases j-inch, and the current from 100 to 300 
amperes. 
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Results. — In some of these experiments a considerable quantity of 
gM was generated, and the press had to be slightly slacked back 
during the experiment to acooznmodute it and maintain the pressure 
constant. 

In all cases there was a soft friable black deposit of considerable 
thickness on the carbon. 

In no case was the specific gravity of tho carbon rod increased by 
this process. There was no change in appearance of the fracture, ex- 
cepting when chloride of carbon had been the fluid ; it was greyer m 
this case. 

The rate of burning of samples placed in aro lamps was not 
diminished by tho process. Various rates of deposition wero tried, 
bat with the same result, and the conclusion scema to be that under 
very high pressures, such as from 5 to 15 tons per sqnaro inch, tho 
deposit of carbon by heat from, hydrocarbons, chloride of oarbon, 
bisulphide of curbon, treacle, <$%., is of a sooty nature, and unlike tlio 
hard steel-grey deposit from the same liquids or their vapours at 
atmospheric or lower pressures. 

Experiments. Class II. 

In these experiments the asbestos-rubber packing was omitted, the 
plunger and spigot being an easy fit in the mould A layer of roko 
powder nudor tbl plunger formed tho top electrical connexion with 
the rod. 

No. 1. Silver sand or silica was run around the oarbon rod, and 
pressures of from 5 to 30 tons per square iuoh applied ; the rod was 
usually about £-inch diameter, and currents up to 3<X) amperes 
passed. 

Results . — The silica was melted to the form of a small hen’s egg 
around the rod. When tho current was increased to nliout 260 
amperes tho rod became altered to graphite, the greater the heat 
apparently tho softer the graphite There was no action between the 
silica and tho oarbon, the surface of the carlion remained black, and 
there wero no hard particles in or on the oarbon rod. 

Othor substances, such as an hydrated alumina and mixtures of 
alumina and silica, gave tho same results. 

The density of the carbon was considerably increased, in some eases 
from normal at 1‘6 to 2’2 and 2 4; in these cases the oarbon appeared 
very dense, mnoh harder than the original carbon, and about as 
hard as the densest gas-retort carbon. No crystalline structure was 
visible. 

The specimens were treated with solvents, and there appeared no 
indication of the surrounding substance having penetrated the rod ; 
tiie oarbon wae undoubtedly consolidated by 30 per cent. 

In some oases when the material surrounding the rod was alumina 
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saturated with oil, soft crystals of graphite exuded from specimens 
that had been kept for some weeks. 

No. 2. Pare hydrated alamina, carbonate and oxide of magnesia 
and limo all rapidly destroyed the carbon rod, by combining with it, 
the hydrated alamina forming large yolnmes of gas of which it 
appeared to be a constituent. On acoonnt of the great diminution of 
bulk, no analysis was made ; the gas issued from the mould explo- 
sively at from 10 to 12 tons per square inch. The alumina wsb found 
in a crystalline crust, like sugar, around where the rod hod been. 
Hardness that of corundum, almost translucent. 

No 3. The following is the most interesting experiment of the 
series : — 

On the botton of the mould was a layer of slaked lime about 
{•inch thick, over this silver sand 2 inches, then another layer of 
lime of the same thickness as the former, finally a layer of coke-dust, 
and thou the plunger. W ith a prossuro of from 5 to 30 tons per square 
inch in the mould, and the carbon of from { to ^ diameter, currents 
from 200 to 300 amperes wore passed. 

In from 10 to 30 minutes the current was generally interrupted by 
the breaking or fusing of the rod, or by the action of tho lime in 
dissolving it at the top or bottom. On opening the monld when it had 
cooled a little, tho silica nsually appeared to have melted to an egg- 
shapod mass, and mixed somowhat at the ends with tho lime; tho 
surface of the carbon appeared acted on, and sometimes pitted and 
crystalline in placoe ; silica adhered to 1 he surface, and beneath, when 
viowed under the microscope, appeared a globular oauhflowcr-bke 
formation of a yellowish oolour, resembling some specimens of 
“ bort ”• 


After several days’ immersion in concentrated hydrofluorio acid, this 
formation remained partly odhorent to the carbon ; on the surfaoe of 
the carbon was a layer or skin about 4 ' 4 th of an inch thick of great 
hardness, on the outside grey, tho fracture greyer thnn the carbon,! 
bnt having a shining colce-hke appearance under the mioroscope. J 
The powder scraped off the surface of the rod has great hardness! 
and will out rock orystal when applied with a pieoe of metal fasten 
than emery powder. It has, under tho miorosoope, the appearance 1 
of bort, the minute partioles seem to eling together; they are not 
transparent as a rule, and though some snoh partioles are found 
among them, it is not olear that snch are hard. j 

When a piece of the skin has been rnbbed against a diamond or I 
other hard body, the projecting or hard portions have a glossy ookgfJ 
like appearance. i 

A piece of the skin will oontinue to scratch rook orystal for some 
time without losing its edge. It will scratch ruby, and when rubbed 


• The bort-liks powder is not soled on by hydrofluorio sad nitric odd* mixed. 
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for some time against it will wear grooves or faoets upon it. When 
a out diamond is rnbbed on tho surface of the skin, it will ont 
through it into the carbon beneath, making a black line or opening 
about £-ineh long; the facet on the diamond, originally ,’^-inch 
diameter, will havo its comers evenly rounded, and its polished 
snrfaoe ml need to abont one-half its original area; the appearance of 
the edges is as if they had been robbed down by a nearly eqnally 
hard substance. 

The snbjoot of the last experiment is scarcely sufficiently investi- 
gated to warrant any definite conclusions. 

The substance in the several ways it has so far been t or ted seems 
to possess a hardness of nearly if not quite the first quality. The 
minuteness of the particles, which appear more or less cemented 
togother, and are less cohesive after the action of ooid, make it very 
difficult to dotermme their distinctive features. 

The mode of formation is not inconsistent with the conditions of 
pressure, temperature, and tho presence of moisture, lime, silica, and 
other sulmtances as they appear to have existed in tho craters or 
spouts of the Cape Diamond Mines at some epoch. 

From the few experiments that havo boon made it appears that at 
pressures below 8 tons per square moh, the deposit does not posso^B 
the same hardness, though somowhat similar in appearance. 

What part the limo and silica play, whother the former only 
supplies moisture and oxygen which combine with tho carbon, or 
whether tho presence of lime ih necessary to the action, is not clear 

We may, however, observe that so far it seems as if tho lime and 
moisture combining with tho carbon form a gas or liquid at great 
pressure, which combining with the silica, forms some compound of 
lime, silica, and carbon, or perhaps pure carbon only, of great 
hardness. 


Present*, June 14, 1888. 

Transactions. 

Albany : — New York State Museum of Natural History. Bulletin. 

No. 8. 8vo. Albany 1888. Tho Muneum. 

London ^Photographic Society of Groat Britain. Journal and 
Transactions. VoL XII. No. 8. 8vo. London 1888. 

The Society. 

Royal Institute of British Architects. Journal of Proceedings. 

Vol. IY. No. 15. 4to. London 1888. Tho Institute. 

Society of Biblioal Archeology, Proceedings. Vol. X. Part 7. 
8vo. London 1888. The Society. 

Manchester : — Geological Sooiety. Transactions. Yol. XIX. 
Pasts 18-19. 8ro. Manchuter 1888. The Society. 
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Ihe Academy 
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The Society 
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Observations and Reports 
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Beoord Department, India Office 
Calcutta — Meteorological Observations reooided at Seven Stations 
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June 81, 1888. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

An Address to the Qoeon, expressing sympathy with Her Majesty 
and with her daughter, the Empress of Germany, on the death of the 
Emperor, was read from the Chair. 

Colonel Alexander Ross Clarke, Professor Alfred George Greenhill, 
and Professor John Henry Poyuting were admitted into the Society. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read 


I. “Further Researches on the Physiology of the Inverte- 
brata.” By A. B. Griffiths, Ph.D., F.U.S. (Edm.), F.C.S. 
(Loud, and Paris), Principal and Lecturer on Chemistry and 
Biology, School of Scionce, Lincoln ; Member of the Physico- 
Chemical Society of St. Petersburg. Communicated by 
Sir Richard Owen, K.C.B., F.R.S. Received May 25, 1888. 

I. The Renal Organ* of the Aitcridea. 

The digestive apparatus of Uratter ruhem (one of the Asteridea) is 
briefly described as follows : — The capacious month, found upon the 
under side, leads into a short oesophagus, which opens into a wider 
sacculated stomach with thin distensible walls. There are five largo 
stomaoh sacs; eooh of these is situated in a radial position and passes 
into the base of the corresponding my. Each sao or pouch is kept in 
its place by two retractor muscles fixed to the raodian ridge of the 
ray, whioh lie between tho two ampull® or water-sacs. Passing 
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towards the aboral side, the stomach forms the well known penta- 
gonal ‘ pyloric sac ’ The pyloric sao gives off five radial doots, each 
of whioh divides into two tnbales bearing a number of lateral 
follicles, whose seuetions are poured into the pylono sao and 
intestine Ihe author has proved the nature of their secietion to be 
similar to that of the pancreatic fluid of the Vertebrate (‘ hdinburgb, 
Roy hoc Proo,’ No 125 p 120) Recently the Becretion found in 
the five pouches of tho stomach (of Urcuta) has been submitted to a 
caiefnl chemical and mieiobcopual examination With a quantity of 
the s«h return obtained fioin a luge number of starfishes, tho follow- 
ing experiments were performod — 

1 Ihe clear liquid from these wus was treated with a hot dilute 
solution of sodium hydiatc Oil tho addition of pure hydroohlorto 
acid a slight flaky precipitate was obtained nfier standing seven and 
a halfhonrs These flakes when examined beneath tho mierosoope 

in ob] ) were seen to consist of vanoni ciyatalhuo forms the 
predominant forms being those of the rhomb On heating the 
secretion alone with alcohol rhombio crystals are deposited, which 
are soluble in watei When these ciystals are treated with mtno 
acid and tkon gently htated with ammonia reddish purple mnrexido 
is obtained crystallised m micioseopic pi isms 

2 Another method was used for testing the secretion It (the 
secietion) was boiled in diet lied watei and evaporated carefully to 
dryness Ihe residue obtained was ti Bated with absolute alcohol and 
filtered Boiling water was ponied upon the tesidue, and to the 
aqueous filtrate an excess of acetic acid was added Aftei standing 
some horns crystals ot unc and were deposited and easily recognised 
by the chenuoo mitioscopieal testa mentioned above 

The abuve alcoholic filtrate was tested for urea First of all, the 
alcoholic solution was diluted with distilled watei and boiled over a 
watoi bath until all tho alcohol had vaporised The warm aqueous 
solution (A) remaining was now tested for urea, in the following 
manner — 

(a ) On the addition of a solution of mercuno nitrate to a portion 
of the above solution, no white precipitate was obtained 

(b ) To another portion of the solution (A), a solution of sodium 
hypoohlonte was added No bubbles of nitrogen were dis 
engaged 

(c ) No crystals of urea nitrate were formed in a small quantity of 
the solution (A) [concentrated by evaporation] after the addition 
of mtno acid 

(d ) The distillation of a small quantity of the solution (A) with 
puro sodium carbonate, m a ohemically clean Wurts’s flask 
attached to a small Liebig's condenser, failed to produce m the 
distillate any coloiation with Nessler s reagent 
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The above tents clearly prove the entire absence of urea m tho 
secretion under examination No gnanin or calcium phosphate conld 
be detected m the secretion although the author has found the lattei 
compound as an ingredient m the renal seetetions of the Cephalopoda 
and the LameUibranchiata ( bdmbuigh, Roy Soo Proo vol 14, 
p 280) 

From this investigation, the isolation of nno aoid proven the 
renal function of the five pouches of the stomach of the Asteridea 

II The Snhoar j Glindt of Sepia offloinahs oal Patella vulgnta 

The author has already mode a study of the ncphridia and 
the so called ' livers * in both these forms of tho Invertobrata (see 
the memoirs, lot at ) Since then he has studiod the thcraioo 
physiological rewtions of the secretion produced by the salivary 
glands of the cuttle fash an 1 the limpot these organisms representing 
two important oiders of the Mollusca. 


(1 ) S pia ofianalw 

There are two pairs of salivary glands in Sepia ojjicinalw The 
posterior pair whioh are the laigist he on either side of the 
oesophagus 1 he secretion of the posterioi glands is poured into the 
oesophagus while the secretion of tho smaller anterior pair of glands 
passes duoctly into the buccal cavity A quantity of the secretion 
was extracted by nsmg Btvual freshly killod cattle fishes It was 
alkaline to test papers A portion of the secretion was ad 1 d to a 
small quantity of starch, the starch being converted into glucose 
sugar in 15 minutes The presence of glucoso was proved by the 
formation of red cuprous oxide by the action of Folding s solution 
The soluble zymase (feimert) on tamed m the secretion (which is 
capable of causing the hydration of staich) was isolated by precipi 
fating the secretion with dilute normal phosphoric acid adding lime 
water and then filteiwg The precipitate produced was dissolved in 
distilled water and reprecipitated by aloohol Thu precipitate 
converts starch into glucose sugar 

When a drop of the clear secretion is allowed to fall into a beakei 
containing dilute aoetio acid stimgy flakes of muetn are easily 
obtained The presen oe of mucin was confirmed by several well 
known tests 

Another portion of the secretion was distilled (with the utmost 
care) with dilute sulphuno acid and to the distillate femo chloride 
solution was added, which gave a red colour, indicating the presence 
of sulphooyanates 

The morgamo constituent, as far as the author could make out, 
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consists only of phosphate of calcium. No oaloinm carbonate could 
be detected. 

Thera is much in favour of the supposition that the ditutatic fernmt 
in these secretions is prodnoed as the result of the action of nerve- 
fibres (from the inferior buccal ganglion) upon the protoplasm of the 
epithelium cells of the glands. 

The author intends to examine various organs in other genera and 
aperies* of the Decapods, especially those inhabiting the Japanese 
seas. 

(2.) Patella t ulyala. 

Tho two salivary glands of Patella are well-marked and situated 
anteriorly to the pharynx, lying beneath the pericardium on one side 
and the renal and anal papilla) on the other. They are of a yellowish- 
brawn colour and give off four ducts. The secretion of these glands 
was examined by the same method applied to the salivary glands 
of Sepia officinal it, and with similar results. 

The following table represents the constituent* found in the salivary 
secretions of the two orders of the Mollusca already investigated 



Cephalopoda. 

Gasteropoda, 


(a) Dibnuchuta 

Pulmogaater- 
upoda * 

(b) Branchio- 
gwteropoda. 

Soluble dimUtic 
ferment 

pn-ent 


present 




present 

dulphoeyanatea . . . j 


V i 

pretent 

Calcium phosphate 

J lJ 

prtaent 

p 

preaent 


Investigations indicate that the salivary glands of the Cephalopoda 
and Gasteropoda are similar in physiological function to the salivary 
glands of the Vertebrate. 


• ' Edinburgh, Boy. Soo. Proc.,’ vol. 14, p. iS6. 
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D “ Muscular Movements in Man, and tlieir Evolution in the 
Infant a Study ot Movement m Man, and its Evolution, 
together with Inferences as to the PropeitieB of Nerve- 
centres and their Modes of Action in expi t ssmg i bought ” 
By Francis Warner MD 1)B( P, Physician to the 
London Hospital and Lecturer on Botany in the London 
Ilospitil Medic 'll College f imnnmieatc d by Professor J. 
HtncuiNSOV F RS Receive d June U, 1888 
(Absti net ) 

Movements as signs of hiain action have long been studied by the 
physiologist bnt before proceeding to give an account of the visible 
evolation of voluntary increment in man it is necessary to define the 
different classes of movements seen indicating the criteria by which 
the observer naj be guided in the examples before him Movements 
may be classed according to the parts moving the time, and the 
quantity of each movement These are the only intrinsic attnbntes 
of snch acts If the neive oenties which send stimuli to tho muscles 
are acting tn equdibito, the static outcome is Been m the p wturea 
resulting in tho body hence postuies are signs of thi ratios of aotiou 
in the nerve oentres, and indicate their present state or mode of 
action Typical postures and movements are ilea cubed A vanation 
in the ratios of action in tho centres lift Is to visible movement 
Certain postures and movements aio found by expenence to corre 
spond to certain recognised brain states Movements may occur in 
combinations and in senes , special combinations and senes of move 
menU determine the outcome of the action of which they are com- 
ponent paiU It is shown that the time of action in the vanons 
centres thus determines the outcome of the action, and is itself con- 
trolled by impressions reoeivod through the senses When movements 
are seen not controlled by present circumstances they are probably 
the result of antecedent or inherited impressions, such are called 
spontaneous 

Section II At elution of Movement * »» Man 
The new bom infant preeents constant movement in all its parts 
while it u awake, and this is not controlled by impressions fioin 
without Graphic tracings of snch movements are given This 
spontaneous movement in the infant appeals to be of great physio- 
logical importance, and is here termed microkmesis It is argued 
that the mode of biain action which produces microkmesis is analogous 
to the action producing spontaneous movemenU in all young animals, 
and to the modes of cell growth which produce ciroumnutation in 
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jonsg needling plants It u signed that as oireumnutation becomes 
modified by external forces to the raodflB of movement termed 
heliotropism, geotropism «to so mierokineeis in the infant is replaced 
by the more complicated mode* of brain action as evolution proceeds 

The conditions of movement are then described, as seen at sneoes 
sive stages of development of tbe child and it in shown that thej 
become less spontaneous and more under oontiol of stimuli acting 
upon the child from without, while the phenomena termed memory 
and imitation are evolved 

Section III Property e of Nrree centres and their Modes of Actum 

From observations made, descriptions are given of the modes of 
action and properties ot nerve centres in adult nge such descriptions 
being given in terms implying visible movements Impressionability, 
imitation and retentiveness are thus described Nerve centres are 
said to be free" when only slightly stimulated Delayed expression 
of impressions are soen when the visible outcome is delayed after 
the stimulus wbiob produced it Double action is said to occur when 
S local i fleet and a distant one occur from one impression Com- 
pound cerebi al action is said to occur, when the study of the visible 
movements indicates that saoeesinve unions of centres aro in action, 
leading to a visiblo outcome well adapted to tbe primary stimulus 
which pioiucod the Bonus When a slight stimulus leads to a spread- 
ing area of movements pioduoing considerable force, the phenomenon 
is termed reinforcement 

From observations made two hvpothpses are put forward If is 
suggested that when a well co-ordinated movement follows a slight 
stimulus the impiegsion prodnoes temporary muons among tbe 
centies, preparing thorn for the special combinations and senes of 
actions which are Been to follow booh unions among nerve centres 
appear to be formed when a period of cerebral inhibition produced 
by a word of command is soen to be followed by a to oidmated senes 
of acts A graphic tracing indicating suspension of mioiokinesis to 
the stimulus of sight and sound is given It is further suggested that 
the brain action corresponding to thought, is the formation of func- 
tional unions among cells whose outcomo is seen in the movements 
which express the thought or its physical representation Piopertioa 
similar to those described in brain centres may be illustrated in 
modes of giowth Intelligence is then not a property of tbe brain, 
per §e bnt for its manifestation certain modes of brain aotion are 
nooessaiy In the special postures and movements described, a 
number of physical signs of brain states are offered to the clinical 
observer 
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III. “ On the Elootromotive Changes connected with the Beat of 
the Mammalian Heart, and of the Human Heart in parti- 
cular.” By Augustus D. Waller, M.D. Communicated 
by Professor Burdon Sanderson, F.R.S. Received June 12, 
1888. 

(Abstract.) 

1. Description of experiments in which the olectrieal variation con- 
nected with the spontaneous beat is modified. 

2. The normal ventncnlar variation is diphasio, and usually in- 
dicates (1) negativity of apex, (2) nogativity of base. 

3. Description of “irregular” variations. 

4. Observations on animals with one or both leading off electrodes 
applied to the body at a distance from the hoart. 

5. Determination of the electrical variations of the heart on man. 

6. The variation is diphasio, and indicates (1) negativity of apex, 
(2) negativity of base. 

7. Distribution of oardiac potential in man and animals “ Favour- 
able ” and “ unfavourable ” combinations. 

8. Demonstration of electrical effects by leading off from the sur- 
fltcc of the intaot body by the various oxtromities and natural 
orifioes. 

9. Comparison between effects observed on man with the normal 
and with a transposed situation of the viscera. , 


IV. “ On the Plasticity* of Glacier and other Ice.” By James. 
C. MoConnel, M.A., Fellow of Clare College, Cambridge, 
and Dudley A- Kidd. Communicated by R. T. Glaze- 
brook, F.R.S. Received Juno 11, 1888. 

The experiments described in the following paper were undertaken 
in continuation of those made by Dr. Main in the winter 1886-87, 
and described by him in a papert road before the Royal Society 
the following summer. The investigation is by no means complete, 
but the results hitherto obtainod seem to us sufficiently novel and 
important to be worthy of being put on record, while we hope to 

• Dr. Main used the term “ tisoosity." But this has been always applied in 
liquids to moleoolar friction, sad we hate the authority of Sir Wm. Thomson 
(' Encyel. Britann.,' Art : ElatHMj), p. 7) for reserving it for the Mine property 
in solids also, lasting " plasticity ” to denote continuous yielding under stress. 

t ' Boy. 8oo. proo.,' toL 43, p. 839. 

TOL. XL tV. 2 0 
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prosecute the subject further next winter We shall first give a 
general account of our results, and then describe the experiments in 
more full detail 

Main found that a bar of ice, which had been formed in a mould,* 
yielded slowly but continuously to tension, though kept at a tempera- 
ture some degrees below freesmg point We began work under the 
impression that the rate of extension depended mainly on the tem- 
perature and tension, and that the chief difficulty lay m keeping the 
temperature constant But by a happy chance our very first experi- 
ment showed ns that not merely the rate, but even the very existence 
of the extension depended on the structure of the ice And this is 
a matter which seems to have been quite disregarded by previous 
experimenters f 

After many, and for the most part unsuccessful, attempts to obtain 
a piece of perfectly clear ice, frosen in the monld used by Main, we 
took a bar out from the clear ice formed on the surface of a bath of 
water, and frose its ends on to blocks of 100 fitting the two oonioal 
collars through which the tension is applied To avoid any question 
as to the ice giving way in the collars, where it is subjected to 
pressure as well as tension— the bar was pierced near either end by 
a steel needle firmly froien in, and the measurements were taken 
between the projecting ends of these needles We found to our 
astonishment that the stretching was almost at l, though the tension 
wse decidedly greater than that usually applied by Main There was 
a slight extension at first, but during the last five days the extension 
observed was st the piean rate of only 0 00031 mm per hour per 
length of 10 on , and this may well be attributed to the rise of 
temperature which took place The rigidity cannot have been due 
to the cold, for during the last 24 hours the temperature was 
between —1° and —2° $ After the experiment, the ice was ex- 
amined under the polanaoope, and found to be a single regular 
crystal showing the coloured nnga and blaok cross veiy well 
The optio axis was st right angles to the length of the bar This 
experiment showed it was a very necessary preoantion to take the 
measurements between needles fixed in the bar itself For whether 
the bar extended or not, the movement of the index H (fig 2), showed 

• The mould produced a round bar of toe 84 cm in length and S 8 am in 
diameter, mth a oonioal expumon at the lover end to fit into an iron collar 0 (Ay S), 
through which the tenaxm could be applied The other end of the bar was froaen 
on to toa filling a nnular oollar B Theae iron eollan were faced with carefully 
worked brace plate*, and Main determined the e xt ensi o n by meeaunng the dmtaoee 
between the platec with calliper* —July 6 1888 

+ See Helm, Handbueh drr Gletccherkund# ’ publuhed by Sugelhorn, Stuttgart, 
1886, p *16 

J We ute the eentagr m de Kale of temperature throughout 
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a decided separatum of the collars doe to the plasticity of the conical 
pieoee of ice therein 

We next took a bar of ice formed m the mould applied tension and 
took measurements in the same way The extension was at the rate 
of 0 048 mm per hour per length of 10 am The crystalline structure 
of this toe was highly irregular As one principal object of our ex- 
penments lay in their application to the thoory of glaoieis, it had 
now become obviously most important to test actual glacier ice We 
therefore drove over to the Morteratscli glacier, which is now readily 
aooeesible from St Monts even in the winter and obtained some 
specimens from the natural ice caves at the foot of the glacier 

We tested three pieces which were quite sufficient to disprove the 
common notions, that glacier ice is only plastic under pressure, not 
under tension, and that regelation is an essential part of the prooess 
They showed at the same time the extraordinary vai lability of the 
phenomenon The first extended at a rate of from 0 013 mm to 
0 088 mm per hour per length of 10 cm the variations in speed being 
attributable to temperature The second piece began at a rate of 
0 016 mm and gradnally slowed down till it reached at the same 
temperature a rate of 0 0089 mm , at which point it remained 
tolerably constant, except for temperature variations till a greater 
tension was applied The third piece on the contrary began at the 
rate of 0 012 mm , increased its speed with greater tension to 0 028 mm , 
and stretched faster and faster with unaltered tension, till it reached 
the extraordinary speed of 1 88 mm per hoar per length of 10 cm 
We put on a check by reducing the tension slightly, whereupon the 
speed fell at once to 0 35 mm and gradnally declined to 0 043 mm 
The lowest temperature reached during our experiments, except with 
the intractable bath ice, was with this specimen During 12 hours 
with a maximum temperature —9° and a mean temperate! e probably 
—10 5°, the rate under the light tension of 1 45 kilo per sq cm was 
00065 mm 

These three pieces were oom posed of a number of crystals varying 
in thickness from two or three millimetres np to thirty or even a 
hundred These crystals are the ' glacier grains ( gletecherhoner ), 
which play suoh a large part m glacier literature Glacier ioe is 
a sort of conglomerate of these grains, differing, however, from a 
conglomerate proper in that there is no matrix, the grams fitting 
each other perfectly In the winter, at any rate, the tee on the sides 
of the glacier caves looks quite homogeneous But, when a piece is 
broken off and exposed to the sun s rays, the different grams beoome 
visible to the naked eye, being separated probably by tbin films of 
water Though the optical structure of each gram is found under 
the polaruoope to be perfectly uniform, the bounding surfaoee are 
utterly irregular, and are generally curved The optic axes too of 

2 o 2 
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neighbouring grains seem to be arranged quite at random Owing to 
the structure being so complex, we failed to traoe any relation 
between the arrangement of the orystals and the rapidity of extension 
It is true that the most rigid piece of the throe was composed of 
small crystals, while the most plastic oontainod one very large crystal , 
but this was perhaps accidental Fortunately, we were able to 
'obtain ice of a more regular structure, which has already thrown a 
little light on tho action at the intei faces of the crystals, and offers an 
attractive field to further investigation 

Some of the ice of the St Monts lake is built np of vertical 
columns,* fiom a centimetre downwards in diameter, and in length 
equal to the thickness of the clear ice i«, a foot or more A bon- 
sontal section, exposed to the sun foi a few minutes, shows the irregular 
mosaic pattern of the divisions between the columns The thickness 
of each column is not perfectly uniform Sometimes indeed one thins 
out to a shaip point at the lower end Each column is a single 
crystal, and the optio axes are generally nearly horizontal Some 
experiments on fieozing water m a bath, lead ns to attribute this 
onnous structure to the first layer of ice having been formed rapidly, 
m air, for instance, below — 6° C Wo found that if the first layer had 
been formed slowly, and was therefore homogeneous with the axis 
vertioal, a very cold night would only increase tho thickness of the 
ice, while maintaining its rcgul&iity 

We applied tension to a bar of lake loe carefully cut parallel to the 
oolnmns It stretched indeed, but excessively slowly During seven 
days it stietohed at tho rate of only 0 0004 mm per hour per length 
of 10 cm , though at one time the temporature of the surrounding 
a»r went np above zero The tension was 2 kilos per sq cm This 
slight extension may well be attributed to the tension not being 
exactly parallel to the interfaces of the columns This experiment 
corroborates our first result, that a single crystal will not stretch at 
nght angles to its optio axis We next oat a bai at about 46° to the 
length of the oolumns, and the difference was very manifest During 
80 hours under a tension of 2 76 kilos per sq cm , it extended at the 
rate of 0 016 mm per horn per length of 10 om , nearly 40 times as 
fat 

An uncle is an example of loe formed of very minute crystals 
irregularly ananged We found that an lciole under a tension of 
2 2 kilos per sq cm stretched at the rate of 0 003 mm per boor per 
length of 10 d« This is very slow, especially as the temperature 

* This sit the ceee in all piece* obtained from one end of the lake, where men 
wen cutting ice for Stonge purposes, whether new toe or old In s part, however, 
which had frown s few days earlier, further out from the shoro, we found much 
larger crystals with the axes nearly vertioal but not quite parallel to each other — 
July 0, 1888 
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was high, averaging —1* C , yet it is difficult to suggest any theoreti- 
cal reason for an increase in the numbei of interfaces producing a 
decrease in the plasticity 

We tried fnrthei two experiments on compression of ice the 
pressure being applied to three noarly cnbical pieces at onoe Of 
three pieoes of glacier ice under a pressure of 1 2 kilos pci sq cm , 
the mean ratos of contraction during favo days were respectively 
0 035 mm , 0 056 mm and 0 007 mm per honr per length of 10 cm 
These figures show that while the plasticity vanos onormonsly m 
different specimens, the tate of distortion is of the same older of mag- 
nitude, whether the foroe applied bo a pull or a thiust 

The other experiment was on three pieces of lake ice, a inlying the 
pressure in a direction parallel to the columns Iho contraction was 
scarcely perceptible Under a pressure of 3 7 kilos per sq cm , the 
mean rate of the throe pieoes during four days was 0 001 mm per hour 
per length of 10 cm To fix the blocks of ice ui position we fonnd it 
necessary to cover their ends with paper froxen on and the small oon 
traction observed may well be attributed to the yielding of the films 
of irregular ice with which the papei was attached This view is 
hoppoited by the fact that nearly tho whole 6f the oontiaction took 
plaoe in the first 3b hours 

We have now shown by direct experiment that ordinary ice con 
mating of' an irregular aggregation of crystals, exhibits plastioity, 
both undei pressure and under tension at temperatures far below the 
freezing point — in tho case of tension at any rate down to —9° at 
least, and probably muoh lower — and also that a single uniform 
crystal wdl not yield continuously either to pitssure or tension 
when applied in a direction at light angles to the optio axis 
We fully intended to tost a oiystal under tension applied along the 
optio axis , but we were unsuccessful in obtaining a crystal longei 
iu the axis than peihapa 8 cm and when we had decided to be 
content with that length, a thaw put a stop to all further operations 
We have, however, very little doubt that a crystal would refuse to 
yield either to pressure or to tension m whatever direction they were 
applied 

The following reasoning seems tolerably conclusive as far as it goes 
We first assume the axiom that, if two systems of stresses produce 
each by itself no continuous yielding, superposition of the two will 
likewise produce no continuous yielding This will probably be 
admitted when we add the proviso that, when the nature of the 
resultant stresses is found, their magnitude is to be reduced to tho 
same value as that of the simple stresses which are known to be 
inactive Take then a cube of ice two of whose faces are perpen- 
dicular to the optic axis Apply tension to one of the other pairs of 
faces This according to our experiments produces no extension 
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Of course we do not take into acoount the slight elastio yielding 
Apply an equal tension to the other pair of faces which are parallel 
to the axis There is still no extension by the axiom Now it ean 
hardly be supposed that an uniform hydrostatic pressure could pro- 
duce continuous change of form Apply then a pressure of snoh 
magnitude as to neutralise the two tensions We hare then remain- 
ing only a pressure along tho optic axis, producing no continuous 
yielding 

In a similar way it may be Bhown that tension along tho optio axis 
would produce no continuous yielding It is true that tho reasoning 
cannot be extended to pressures and tensions oblique to the optio axis 
But if the plasticity observed had been due to the majority of crystals 
extending, while a certain number remained unchanged, there would 
surely have been numerous cracks found m every case , while as a 
matter of fact such cracks weie only found in two cases, and then 
they weie very slight Hi nee, while we think it desirable to experi- 
ment further in tho matter, wt feel tolerably confident that single 
crystals of ice aie not plastic, and we attribute the apparent plasticity 
of glacier ice to some action at the interfaces of the crystals But 
we are not at present inclined to venture any opinion as to the nature 
of this action 

Tho variation of plasticity with the temperature is of great interest 
both foi the theory of glaciers and for the explanation of the plastioity 
itself, but it is so difficult to disentangle the tempeiature variations 
proper from the much largei alterations due to stiuctural changes, 
that our expeiiments throw very little light on this point In the case 
of the glaciei loe in Experiment 7 the rate seems to hare become 
tolerably constant except for temperature changes While at —3 5* the 
rate was 0 0029, two days before and two days afterwards it was 
about 0 0020 at —5°, and a few days earlier 00013 at —8° In the 
uncle, when the temperature variations soomed paramount, the rate at 
—2° was 0 0028 and at —0 2° 0 0034 1 his is a muoh smaller change 
than wo should have expected In the case of compression the influ- 
ence of tempeiature seems more strongly maiked In all three 
pieces the rate rose at —3® to about ten times its value at —5* An 
increase which takes place in thiee pieces simultaneously can hardly 
bo attributed to stiuctQral changes independent of the temperature 

The change in the rate of extension, produced bj an alteration of 
the tension, was in every case altogether out of proportion to the 
magnitude of the latter In the following table are collected all the 
instances which occurred — 
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Specimen 

Change of teomon 

Change of rate 

Glacier ice C 

Glacier i<* D 

kg per iq cm 

2 56 to 3 85 

1 45 2 65 

2 66 1 03 

1 08 2 SO 

2 60 1 80 

mm per hour per ID om 

0 0018 to 0 0110 

0 0076 0 026 

0 106? O 010 

0 010 0 228 

1 88 0 86 


The changes of temperature in these cases wore insignificant com 
pared with the alteiation of rate The 0 105 is uncertain owing to «n 
accident It was ceitainly not less and may hare boon a good deal 
greater 

We append a snmmaiy of aomo of our res alts arranged m tahnlai 
form Glacier ice C was the same pioco as B out rather shorter 
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It will be interesting to make some numerical comparison between 
the figures we have given and the plasticity actually observed in the 
motion of glaciers. Perhaps the most Btnking proof of tho existence 
of plasticity is the great increase of velocity from the side to the 
oentre of a glacier. A number of measurements on this point have 
been oolleoted by Heim (‘ Oletschcrkundo,’ p 147). Tho most rapid 
increase he mentions among the glaciers of tho Alps is on the Rhone 
glacier, on a line 2300 metres aliove tho top of the icofall At 
100 metros from tho western bank the mean yearly motion, 1874 to 
1880, was 12‘0 metres; at 160 metres from tho bank it was 
43'25 metres. This gives an increaso of velocity in eaoh metre 
across the glacier of 0‘000058 metro per lionr. 

Let ns consider what rate of extension this involves. 


Fra 1 



Let AB (fig. 1) be two points on a glacier moving in parallel direc- 
tions, of which B is moving faster. In the small time tt (whose 
square we may neglect) let A move to A' and B to B'. Draw AN, A’N’ 
perpendicular to B'B produced I jet AN = A'N' = o, BN = a, B'N 1 
= o', AB as r, A'B' = r', and let the velocities be v, and v». 

Then A’A = v, tt, B'B = t>» it, 

r» = a»+*», 

/•»= <*+■'» = a*+{a+ (t >*-n.)W}» 

= a 1 1-« 8 +2* (vt—Vt) tt 
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and 

so 




as(t*— 1> ,)l(\ 

+*-) 


r ~T ~ w 


(i) 


The expression 

by (1)“ 


<7+** 


is a maximum wlion x 


1 r — i _ fi— t. 


i it 2a 


and then we have 


( 2 ) 


When it is veiy small the ratio of r — r to it is the rate of inorease 
of the distance between A and B bo if we take any two points of 
the glacier at unit distance, the rate ot increase of the distance 
between them will bo greatest when the line joining them is at 45° 
to the direction of motion and this maximum valuo will be equal to 
one half tho difference of the velocities of two points situated abreast 
of each other and also at unit distance 

Thus the max mum rate of extension in the coso we have taken on 
the Rhone glacier is 0 0029 mm per hour per length of 10 cm This, 
be it remembered is the most rapid extension selected from a large 
number of measurements on different glamors and at different times 
and yet only one of the thiee specimens of glacier ice showed a late 
less than this and that was nnder one third of the breaking tension 
Tho larger tho specimen the greater average plasticity wonld it dis 
play foi the addition of a small piece like our second specimen, for 
instance wonld suffice to make a long rigid bar appear very plastic 
Hence the glaeier itself wonld he far more plastic than most small 
specimens taken at random from its moss It would seem therefore, 
that neither the presence of cie\ asses noi a thawing tempeiature are 
essential conditions of the motion of a glacier Bnt that crevasses 
are fonnd is not surprising when ws consider the rotten state of the 
ice dnnng the summer and the certainty that a crack however small 
once formed will continue as long as the tension exist* We believe 
further that the stresses produced in a glacier by its own weight are 
comparable with those employed in our experiments 


Deicnptum of Ajq at atm 

We had two sets of apparatus in operation The first was that 
employed by Dr Mam, hgoitd and fully described in his paper 
We reproduce his hgui e unaltered though we made a fow alterations 
in the surrounding boxes As we expected at first that our chief 
difficulty would be keeping the temperatuie constant, we made special 
anangements for overcoming this To secure a large heat capacity we 
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introduced two tins, filled with a strong solution of salt, into the inner 
x, slightly altering its shape and increasing its sue for this purpose 
broad shallow tin occupied the spare space at the top, and a tall 
tin oocnpied all the available spaoe by the side of tho ice betweon A 
and L (fig 2) The spaoe between the two boxes was filled with 
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wood shavings, except between K and H Here a wooden partition 
P was inserted to the left of the vertical oonnectmg rod The spaoe 
between K and P was tilled with wood shavings To allow the lever 
to move freely, it passod through a wooden tube loosely packed with 
cotton wool 1 be outer space between P and M was made fairly 
air tight, and tho opening through which the lower levot emerged 
was also plugged with ootton wool 
The capacity of the mnei chamber was about 60 litres, while the 
two tins contained abont 25 litres of solution The mnei chamber 
was thus picketed on all sides with a layir, from 104 to 20 cm in 
thicknosa of which from 4 to 6 cm was solid wood atid tho rest 
wood shavings To socure uniformity* of temperature the back of 
the inner chamber was lined with thick sheet- copper Originally 

the front was similarly provided, a Bmall aperture being cut for the 
cathetomcter readings But after the first expenmont this was found 
vety inconvenient and was discarded Access to the box was obtained 
from the front the space between the doors of the two boxes being filled 
with a movable pad stuffod with shavings The mnei door ooonpied 
about half the front of the ice chamber With these anangements 
the temperature of tho interior altered very slowly often not more 
than a degreee in 24 hours though no special precautions were taken 
to keep the temperature of the room constant 

We weio not so successful in maintaining unifrumity of temperature 
The minimum thermometer was hung at the back of the chamber 
on a level with the middle of the ice Tbs maximum was placed 
with its bulb at the bottom of the chambei at the end removed from 
the tin And we often found that the temperature at the time, shown 
by the maximum thermometer, was one or one and a half degrees lower 
than that shown by the minimum In the temperatures given in the 
tables allowance is made for this We found, however, that tho 
variations in the plasticity due to the temperature were far exceeded 
by others, due probably to changes in the crystalline structme of the 
loe In explanation of the considerable variation of temperature 
occasionally recorded in the tables, we must add that, in order to 
raise or lower the temperature, the inner chamber was sometimes left 
wholly or partially open The front of the box was close by an open 
window, and was generally exposed to a decidedly lower temperature 
than the hack, so that opening the doors to take the readings would 
seldom raise the internal temperature materially 

The bar of loe for an experiment was roughly sawn out and then 
shaped more caie fully with a knife A hole was bored near each end 
with a hot steel knitting needle This was found to be the only 
method of making a hole free from the risk of splitting the ioe. In 
each hole was frozen a short piece of steel knitting needle with the 
* Uniformity refers to spaoe ooutanoy to time 
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end* projecting slightly In the later experiments ire need pieoes of 
glass tube or rod for needles, to obviate any possible exaggeration of 
the extension through the needle bending in the ice. Tho glass had 
the further advantage of being a bad conductor of heat. We found 
t^at, when air above freezing point entered the chamber during the 
taking of a reading, the steel needles were apt to work loose, although 
the body of the ice had not time to materially rise in temperature. 
Such readings are of courso discard od The two conical collars woro 
fillod with ice by freezing water therein The npper collar was taken 
out and inverted, and its brass plato levelled. Then the bar was 
carefully placed in a vertical position and frozen on The bar was 
next hung in position in the chamber and frozen on to tho ice on the 
lower collar in situ. 

In the first experiment the measurement of the distance between 
the npper and lower needles was made with a cathetometer. On the 
two ends of each needle were glued pieces of paper, on each of whioh 
fine ink cross lines had been drawn. The cathetometer was not of 
the ordinary construction and merits a short description, as, though 
in practioo it was not very successful, in principle it hsB, we believe, 
several advantages over the ordinary form. The stand consists 
of a vertical rod supported by three levelling screws. On this rod 
slides a metal block, provided with a clamp and slow-motiou anew. 
Tho telescope rests on this block, being movable through ninety 
degrees about a vertical axis. The bearing of the telescope is the 
only mechanical part of the instrument that requires special care 
For the cross wires of the ordinary telescope is substituted a micro- 
meter scale. The millimetre scale is fixed on a separate stand as near 
as possible to the bar of ioe and at the same distance from the telescope 
as the ice is, and is left untouched daring the observations, so that it 
is of no oonseqnenoe, for measuring small extensions, if it be not 
quite parallel to the direction of the tension. The distanoo from the 
telescope to the ice or to the scale was about .30 cm. On the top of 
the telescope is fixed a level. We carefully adjusted this, so (hat 
when the bubble was at its zero the axis of rotation of the telescope 
wae in the vertical plane at right angles to the tube of spirit. Then 
if the bubble remained in it* central position m overy azimuth of the 
telesoope, we oonld be sure the axil of rotation was vertical. 

The observation was taken by reading the position, on the micro- 
meter scale, of the image of the mark on the needle, then swinging 
the telescope round and reading the position, on tho micrometer scale, 
of the two nearest divisions of the millimetre scale. By interpolation 
■the exact height, on the millimetre scale, of the mark on the needle 
was then readily found. It will be noticed that the cathetometer need 
only remain steady while the telescope is swung round from the 
needle to the scale ; whereas in the ordinary form there is a danger 



3 U 


Messrs J C McConnel and D A Kidd. [Jane SI, 

of the whole stand being slightly displaced when the telescope is slid 
down to its lower position In fact in oar circumstances an ordinary 
eathe tome ter would hare been practically useless, owing to the bending 
of the floor and table at the slightest morement of the observer 
Observations even with our special form required the utmost oare 
Tbe micrometer scale had twenty divisions each 0 12 mm in actual 
sue and corresponding to abont 0 3 mm on tbe other soale The 
magnification of the telescope, as oompared with the eye at 9 inches, 
was about 5 This was scarcely great enough We intended also to 
have the micrometer divisions half the sue, but the maker was not 
able to graduate it so finely Indeed, as it was the lines wore rather 
too thick 

By estimating tenths of the micrometer divisions we could read to 
003 mm , bat the readings might easily be at least 0 06 mm in error 
Each determination of the length between tbe needles depends on foui 
readings, tbe upper needle, and its corresponding scale division and the 
lower needle, and its scale division U the four readings happened 
to have each the maximum error 0 06 mm with a suitable sign, the 
total error might be 0 24 mm Such a combination of chanoes is 
highly improbable, but an error of 0*1 mm is obviously not unlikely 
The oathetometer would have been a useful instrument for measuring 
a large and regular extension with soouracy, but it was not adapted 
to detect very small extensions, sad a system of levers, which we 
adopted aa a rough mode of measurement in our second set of 
apparatus, proved 'so much more satisfactory and suitable to our 
purposes, that we almost entirely discarded the oathetometer This 
contrivance is shown m fig 3, in the form finally adopted a and b 
are sections of the projecting ends at glass needles fixed in the use, 
edef is a bent iron wire, " the indicator,” hooked to a wire loop m 
securely fastened to o, \ is a wooden lever suspended by a thread h, 
which owing to tbe counterpoise k, pulls the indicator upwards with a 
thread fastened to a wire loop at e The indicator is kept from rising 
by the connecting fibre, a piece of stiff wire hooked at one end to the 
loop g, fastened to b and at the other to a bend d* in the indicator 
The lower end of the indioator gives tbe reading on a paper millimetre 
soale l, gummed on to the mirror p The mirror, of course enables the 
observer to avoid errors of parallax The stand of the mirror is glned 
to the lower collar To appreciate the action of the levers, regard a 
for the moment as fixed, then lowering b through a small distance r will 
move /through a distance « as w at nght angles to «/, where » is the 
ratio of the distance mf to the perpendicular let fall from m on the 
line gi produced if necessary If md be made perpendicular to gd, 
when / is m the middle of the soale, the multiplier r remains 
practically constant This precaution was not always taken, but 
• This ni a deeper bend thin is shout in tbe figure 
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allowanoe u made for the resulting error Two lever systems wen 
required, one for the outer ends and the other for the inner ends of 
the needles passing through the ice In Experiment 2 we used two 
soales and mirrors which enabled the readings to be taken with great 
accuracy Afterwards we contented ourselves with one whieh gave 
quite sufficient acorn-acy foi any but homogeneous ice In the hrst 
few experiments we used glass fibres both for the indicator and 
connecting fibre, as we feared some slight motion of / might arise 
from the “ elastic recovery of the wire 1 his was put to the test of 
experiment A long piece of the same kind of wire was bent sharply 
at an angle, and the two ends brought nearly into oontaot It was 
hung over a nail and the distance between the ends measured from 
tune to tune The effeotof the gradual unbending of the angle would 
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in this case, owing to the greater length of the arms, be abont twice 
as great as in the extension experiments, and yet it was found to be 
scarcely peroeptible. For practical convenience in setting up the 
apparatus the wire was found immensely superior. The trouble of 
fixing in position a delicate arrangement of brittlo glass fibres, in an 
awkward place like the hack of the ioe chamber behind the bar of ice, 
can hardly be realised by any one who has not tried it. 

In the first few experiments the loops m and g wore not nsed, and 
the indicator and connecting fibres were simply hooked over the 
needles a and b. And in Experiments 2, 3, 4, and 6, no efficient 
precautions wero taken to prerent slipping along the needle It is to 
be remarked, however, that any such slipping would produce an 
apparent contraction, and, owing to the sudden alteration of the rate 
of extension, any slipping of importance oonld hardly escape detection * 
Such cases are either omitted or specially mentioned. The lever h 
and counterpoise were found rather troublesome, and will probably be 
dispensed with D ox t year, by putting the connecting fibre on the other 
sido of the needle. 

Our second apparatus, whioh we shall call the rough apparatus, was 
of much simpler construction. Instead of the collars we nsed two 
iron plates, each about 12 om. square with a hole 2 6 nm Bqnare in the 
oentre. The bar to be tested was passed through the hole and fro sen 
on to a block of ioe on tbe other side of the plate. The upper plate 
was suspended by oords attached to holes at the ooraors, and from the 
lower plate was suspended by similar oords a bucket, in which various 
weights could be placed* In Experiments 3 and 4, the four oords 
were simply knotted together, and hung over an iron hook fastened 
to a tinglo cord. Bat it was difficult in this Way to ensure that the 
line of aotion of the tension should he the oentral lino of the bar of 
ioe, and we thought it likely that the bending in Experiment 4 
was due to this cause, so we adopted the contrivance shown in 
fig. 4. 

A is the upper iron plate, F the bar of ice attached to the block of 
ioe E.f B is a wooden plate with holes at the corners and a hole at the 
oentre, in exactly the same relative positions as the holes in the oomers 
and the oentre of the square hole in A. CCCO are four oords of equal 
length, and D the main oord by which the whole is upheld. When the 
arrangement is in equilibrium, the cords C will be vertical as well as 
the oord D, so the line of aotion of the tension, whioh is the central 
line of the oord D, will pass through the oentre of the square hole 
in A, even though the two plates be not quite horisontaL The same 
remarks apply to a similar arrangement for the lower iron plate. If 

* In almoit every experiment far more rending! were taken than are reoorded 
below. 

f Tbi» block was thicker than in the figure. 
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the bar bo not attached accurately at right angles to the plates it 
will take up a vertical position and the plates will be tilted ThiR 
ooutnvanco was successful for the icicle, which owing to its symrno 
tnoal formation would probably under uniform tension stretch 
equall) on both sides, Bhowed bnt Rmall signs of bending So we 
think it fair to concludo that in the later specimens the bending 
was due to their unsymmetncal structure 

In the latci experiments (6 8 9 and 10) the apparatus was en 
dosed in a single box of wood about 3 cm thick The box was 
jacketed on the outside with a lajer of hay about 5 cm thick, 
covered with paper or felt The cords, leading to the support and 
the weight, passed through holes in the top and bottom well plugged 
with cotton wool In all cos os, exoopt when the contrary is expressly 
meutioned, tho bar of ice was wrapped m gutta percha tissuo to check 
the evaporation 

The polanscopo was of the siraplost possible foim The light 
transmitted by a sheet of thin paper was reflected at the polarising 
angle by a pile of three glass plates towaads a Nicol prism supported 
in tho same framework With its aid it was easy to see the 
boundaries of the various crystals m a plate or bar of glacier ice, 
though not a trace of division could be detected with the naked eye, 
and with some difficulty the direction of the optic axes of a few of 
the larger orystals could be made out In the bath 100 tho homo* 
geneousness of the crystal could be readily tested, by watching the 
unchanged position of the rrngs and cross while the bar was moved 
aoross the field In lake ice a half inch plate, cut at right angles to the 
columns and viewed m the polanscope, showed a sei tee of irregular 
polygons black, white, or grey, when the empty field was black The 
almost invariable absence of colour proved that few or none of the 
tol xur 2 D 
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optic axes were nearly parallel to the length of the columns That 
the axes however were not accurately perpendicular to the length 
of the columns t e honsontal in the original position on the lake, 
was shown hy examining separate columns After allowing the 
toe to thaw slightly ot better after leaving it in tho rays of the sun 
for twenty minutes the columns oould be easily separated 

Detailed Account of the Experiment* 

It will bo more cons ement to describe all the experiments made 
with Mains apparatus that than to keep to the chront logical order 
Ftp-nmentNo 1 Maim Apparatus — Measmements woro taken 
with tho cathetomctcr 1 ho spec men was a square bar of ice taken 
from thesutface of a bath of water abont a f ot deep and cut into 
shape with a knife It was perfectly clear and froe from but bles 
It was wrapped m guttapercha tissne which was not t amoved till 
the end ol the next experiment Tho neodles were pieces t f steol 
knitting needle The area of the soction was 8 1 cm and the 
tension t 7 kilos pei sq cm 



The honrs in the first column are reckoned from midnight The 
third column gives the extension observed measured from the length 
at the first reading The fourth oolnmn gives the temperature just 
before each reading The maximum temperature during the whole 
period was —3 0° and the minimum —8 o° lhe fifth column gives 
roughly the difference between the heights of the marks on the right 
and left ends of the upper needle and the sixth column the same 
thing for the lower needle These are added to show that a slight 
bending took place chiefly between the 14th and lbth On removing 
the gutta percha, at the end of the next experiment a surface crack 
waa found which may have occurred at the same time Each reading 
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on the micrometer scale of the cathetometer was taken twice, the 
telesoope bavin* been turned about the vertical axis in the interim 
The two generally agreed If not the moan was taken On the 20th 
however a second set of readings was taken the telescopo having 
been slid down the rod m the inter m Both detei munitions ai e 
given 

The errors of a cathetometer reading have been already discussed 
If we allow Oil mm as a possible error in each determination of 
the length the observations are consistent with no real extension 
But taking the last two columns into < onsidorat on it seems probable 
that there was an extension of 01mm letwein the 14th and 16th 
and none later Lvemfthe total extension hal been 0 2 mm this 
wonl 1 have corresponded to a moan extension j tr hour per length of 
10 cm ( f only 0 0007 mm 

Experiment No 2 —The same piece of ico was fitted up with glatia 
indicators and glass connecting fibres the needles being the same as 
before Each indicator was provided vith a mirror and scale set 
close up to it so readings on the scale could be taken to 0 2 mm 
But on the other hand theie was a possibility of the indicators 
slipping on the needles and thus occasioning a slight appaicnt con 
traction The multiplication on tho outer siae was 14 on the 
inner 2b Thus an extensi in of 0 007 mm could be detected The 
second third and fourth columns of the following table give the 
extensions measuied from the length at the time of the thud 
observation (for a reason mentioned below) and red need to the pi o 
portionate amount for a length of 10 cm Thoj are probably coi rect to 
0 004 mm 


Experiment No 2 — Mam’s Apparatus Bath lee Length between 
Needles 16 om Tension 4 9 kilos per square centimetre 
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The temperature on the afternoon of the 30th was not taken, but 
the notebook contains a statement that it was eolder than the 
morning 

Sinoe the box was left open all night, the temperature given by the 
thermometer on the morning of the fist may well havo been rather 
lower than that of the ice Between the 1st and 2nd an apparent 
contraction of 0 017 mm on one side took place without chango of 
temperature This looks as if the indicator had slipped Making 
allowance foi these, the mean extension from the 31st, 9 h 15 m , to the 
5th, 16 h , follows the temperature very fairly, considering tho uncer 
tamty of the latter We havo arranged the tablo to show this But 
during the first six hours there was an expansion on one side of 
0 088 mm m actual magnitude, which we attribute to a slight yield- 
ing at tho crack Counting the contraction as a slip, and making no 
allowance for tempeiature, the mean rate during tho whole 150 hours 
was 0 00019 mm per hour per length of 10 om 

If we suppose that the extension during the last flvo days was 
entirely dne to temperatnro, and that the coefficient of expansion of 
the glass of the connecting fibre was 0 000009, we have between 
— 12 5° and —8 5° a coefficient of linear expansion of ice of 0 000014, 
between —8 5° and — 3 7* of 0 000060, and between —3 7‘ and —10* 
of 0 000009 

Into the complicated qnestion of the expansion of ice with tem- 
perature wo do not care to enter fully We will merely cite two 
investigations The begt observations on the cubical coefficient seem 
to he those of Petteisson (“ On the Properties of Water and Ice , r 
' Vega Pjxpedition,’ vol 2, Stockholm, 1883) We deduce from his 
figures the corresponding linear coefficients, supposing ice to be 
isotropic m this mattor With ice from ordinary distilled water he 
obtained 0 000053 betwocn —12° and —2° This ice btgan to con- 
tract at some point between —0 35° and —0 25° With ice from the 
puiest water he could obtain, the coefficient rose from 0 000055 
between —17° and —10° to 0 000057 between —4° and —3*, and 
then deoreased, till it changed sign at some point between —0 15° and 
—0 03° Ice containing 0 014 per cent of chlorine, in the shape of 
salts, began to contract at —2 5° In these experiments the water 
was froren m the dilatometer, so there was no chanco of the impuri- 
ties being expelled by the process of solidification ss in the ease of 
loe formed slowly on the surface of some depth of water His purest 
water, however, was so good as to be seriously affected by boiling 
for a abort time in a clean glass vessol 

The coefficient of linear expansion has been determined directly by 
Andrews (‘Roy Soo Pioc ,* June, 1886) He found 0 0000505 
between —18° and —9®, and 0 0000735 between —9° and —0° It 
is possible that the difference between the determinations of these two 
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experimentalists is owing to an unoqual expansion of ice in different 
directions At any rate, taken together, they are sufficient to explain 
oar rough results, on tho supposition that the extension of the last 
fire dajB was entirely dne to the use of temperature 
Tho experiment was brought to a dose by the bar bieaking at a 
point above the upper needle, •‘whero it was not protected by gutta- 
percha tissue, and had become veiy thin through evaporation The 
thickness had been reduced by this cause m three nooks fiom 
2b5 cm to 2 2 cm The tomperature, at which the fraoture 
occuired, was between —0 5° and —1 0*. certainly not above the foimer* 
The breaking tension was b 35 kilos per sq cm Ihcie was a groove 
running right round the bar near the middle of its length, but 
no sign of a mack could be seen m the intenoi of the ice This 
groove may h&ie boon caused by the outci layer cooling more rapidly 
than the inttrior Under the polanscope no break m the continuity 
of the ciystallino stiuctaie conld be detected The lmga and cross 
wore seen veiy plainly, and the direction of the optic axia appeared to 
be tho same on both sides of the crock It was pttpendicular to tho 
length of tlic bar and also to tho needlts By a rough miasuie 
of tho lings wo found the diffoienco between the two indices of 
refraction to be 0 0018 In quartz it is 0 0094 , in Tco'and spar 0 172 
Experiment No 5 Main's Apparatus — The specimen was a piece of 
glacier 100 (B) The measurements were taken with the cathetometer 
We had already found, in the other apparatus, that glacier ice would 
stretch, but we thought it dean able to confirm the faot with a 
dificrent mode of measurement So in this ono case wo need the 
catbetometei again, in spite of its disadvantages lor this kind of 
work Tho length betwoen the needles was about 20 om , the area of 
section 7 3 sq cm , and the tension 2 7 kilos per sq cm Tho second 


Glacier Ice B Length between Needles 20 cm Tension 2 7 kilos, 
per sq cm 


Date 

Tempera 
tore at the 
time 

la ternl 

Extennon 

Bate 

Temperature 

per 10 om 

Max 

Kean 

Feb 9 9 h . 

.. 10, , 

„ „ io h aoui 
„ 11, 8 h *6m 

.. U, 

„ 13, 16 h 46 m 

Total . . 

-2 6° 
-i 6 

-8 

-4 

-O 5 

24 

16 25 

32 

mm 

0 78 

0 44 

0 83 

0 0160 

0 0136 

0 0083 

-2 6® 

-3 6 

-0 6 

-3 6* 

-4 6 

-3 O 


72 28 

I 76 

0 0116 
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column gives the temperature just before each observation, the fourth 
the actual extension during the interval in millimetres, the error 
prol ably not exceeding 0 1 mm ,the fifth the late per hoar per length 
of 10 cm , and the two last tho maximum and mean temperatures 
during the interval 

On the 10th and 11th the ice broke at the oollar, and had to be 
frozen together again It will be noted that the rate of extension 
decreases with the tune, more than can be explained by errors of 
observation, though the tendency of the temperature is to rise 

Experiment No 7 Man* Ap} aratui — rhe samo pieoe of ice was 
nsed, cut a little shorter (glacier ice C), and fatted with wire 
indicators Only one scale was nsed for tho two indicators so the 
readings cannot be trnsted beyond 0 5 mm on the scale As the 
multiplication was generally about 16 this gives an error m the 
actual extensions, when small, not greator than 0 03 mm When the 
extensions are large the error is greater owing to an uncertainty of 
perhaps 10 per cent in the multiplication The ‘ needles were 
glass tubes The length between the needles was 18 cm and the 
area of section 7 3 sq cm The first oolumn gives the time of each 
reading the second the temperature at that time the third the 
interval between two readings, tho fourth and fifth tho extension 
shown by the outer and mnei indicators the sixth the mean late of 
extension per hour per length of 10 cm , tho seventh the tension, the 
eighth, ninth, and tenth the maximum minimum, and mean tempo* 
ratures during that interval 

On the 17th t ebruary tho tension was increased by one half and 
the ice in consequence biokc at the collar It was frozen in again, 
and tho tension reduced to the original value On the 8th March an 
hour was occupied in readjusting the wire indicators The sixth 
column shows a rapid decrease of speed for the fust five dayB, 
followed by fluctuations due appart ntly mainly to the temperature, 
the rate at —4" being about double that at — 0 An addition of one 
half to tho tension increased tho rate 500 per cent for tho first two 
days of the change This increased rate m its turn showed a 
tendency to sink, more or less counterbalanced by the rising tempo 
ratnre lbe fourth and fifth oolumns show the ounous way m which 
the moie rapid extension alternates from one side to the othei 

This piece of ice, taking the two experiments togethei was under 
tension for twenty five days, and extended altogether about 6 mm , 
t e , about 3 per cent of its length At the close of the oxpenment 
the divisions between two or three of the crystals at one point of the 
bar almost amounted to cracks, and at that point there was a decided 
twist in tbo bar, estimated at 10’ There wore a great many babbles 
in the ice, and the crystalline structuie was very complex There 
was no particularly large crystal 



Glacier Ice C Length between Needles 18 cm 
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We now come to the experiments made with the longh apparatus 
At first it fully douened the name but later on, vis in Experiment* 
6 8 9 and 10, the results were quite as trustworthy as in the more 
elaborate arrangement 

Experiment No 8 Bough Aiparatut —The specimen was a circular 
cylinder frozen in Main s mould, about 20 cm between the needles 
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1 he area of section was 6 sq cm , and the tension 4 kilos per sq om 
The measurement was taken with glass indicators A long straight 
gloss fibre was used os indicator, bent at one end to hook nndei the 
lower noodle, and suppoited in a nearly horizontal position by a glass 
connecting fibre hooked over the nppei needle The vertical scale 
was attaohed to an arm projecting from the upper iron plate 

Daring the first 22 5 horns the ice extended 3 7 mm on the outor 
side, and contracted 0 75 mm on the inner aide Daring a hub 
sequent six hours it extended 1 7 mm on the outer side and 0 6 mm 
on the inner The mean late per hour per length of 10 cm was 
theieforo 0 04C mm lhe temperatuie is not known with any 
certainty This ice was never examined nndei tho polanseope but 
owing to the mode of formation described fully at tho end of tho 
paper, we maybe certain the stiuetuie was in the highest degree 
irregular It was probably howevir tolerably symmetrical abont 
the axis so tho bending may be attributed to the ecoontno application 
of the pull 

Experiment No 4 lloujh Apparatus — Tho specimen was a piece of 
glaciei ice (A) composed of peihaps a dozen grains very 
irregularly arranged tho axes of some being at right angles, of 
others parallel to tho length Distance botwoen needles abont 22 om 
lhe area of tho section is a little unceitain, os it was not measured 
i» situ and tho ice was not protected from evaporation It may bo 
taken as 0 5 sq cm and the tension as 1 66 kilo pei sq om The 
ice was subjected to tension foi about eighty five horns altogether, 
but we only give the results for the last twenty seven as at first the 
indicators appear to have slipped, and, afto precautions had been 
taken to pievent slipping the two indioatots happened to come in 
contact The indicators were arranged as in the last experiment, bat 
the readings were impioved by attaching a mirror to the scale The 
multiplication was about 80, and the extensions may be ti listed to 
0 03 mm The first column in the annexed table gives tho tune of 
each reading tho second the temperature at that time, the third the 
interval between two readings, the fourth and fifth the actual 
extensions measured by the outer and inner indicators in that 
interval, and the sixth the rate per hour per length of 10 om 

The temperatures aro somewhat uncertain, as the ice was not 
enclosed in a box, and the temperature of the room was very far 
from being uniform The hist four temperatures were taken by a 
thermometer hung close by the ice and on the same level The 
minimum of the night by this thermometer was —8 3° The high 
tempeiature at 21 h 15 m was dne to the window of the room having 
been nearly closed It was then thrown wide open, so the temperature 
must have soon fallen again So the interval before this reading, 0 0°, 
would probably be muoh warmer on the average than the subsequent 
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Glacier Ice A Length between Needles 22 cm Tension 1 66 kiloe 
pei sq cm 



interval Thus the sixth column shows that tho ice bocame more 
plastic as it neared tho thawing point lhe unequal extensions in 
the fourth and fifth columns may well have been due to eccentric 
application of the tension 

Lxpennei t No b Sough Apparatus — The specimen was an icicle 
trimmed with a knife to an uniform circului section The appaiatus 
was greatly improved The new mode of suspension was adopted, 
spec ally ai ranged as described above to onsure the tension acting 
along tlie central line of the bar Tho mduatois were hooked over 
the top needle and bent at right angles so as to point downwards, as 
in Main s apparatus lhiy were of glass and ny thoroughly efficient 
means was taken to prevent slipping along the needle, but we do 
not think any slipping can have takon place during the observations 
quoted below The whole apparatus was enclosed in a jacketed box — 
which was, however generally left open at night — and a centigrade 
theimometei, graduated to tenths, was hung m the box on a level 
with the middle of the ice 

In the table the fourth and fifth columns give the actual extensions 
during each mterial, which may be tiusted to 0 015 mm, and the 
sixth oolumn the mean late of extension pot horn per length of 
10 cm The second column gives the reading of the thermometer at 
the tune of the obsei vation, and the last two columns the maximum 
and mean temperatures of the ice dunng each interval These are 
tolerably aoourete, as many observations weie taken besides those 
bare quoted The ice was not protected from evaporation, so the 
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Motion gradually diminished, and the tension consequently increased, 
as given in the seventh column The mean section was about 
1 1 aq cm The ice was under tension foi twenty four hours previous 
to the observations given below but during this time the indicators 
seem to have slipped 

The weight was removed for twelvo hours on the 14th owing to 
the thaw It is enrious to notice how inegularly tilt, extension is 
divided between the two sides tho ice bonds first one way then the 
other The fluctuations in the mean rate of extension seem mainly 
due to tho temperature During tbirteen horns it a temperature 
between —15° and —3 0* the rate was 0 0028, while dating thirty 
eight houts at a temperature abovo —0 7° the rate was 0 00 14 The 
loe was full of minute bubbles though not m sufficient quantity to 
make it quito opaque The component crystals were vory small, less 
than a millimetre in diameter, and with optio axes ai ranged quite 
irregulaily 

Experiment No 8 Bough Aj paratu * — Tho specimen was a piece of 
glaoier ice (D) The wiie indicators and connecting fibres wore 
hooked thiough wue loops firmly fastenel to the glass needles em 
bedded in the ice, so thore was no possibility ot slipping Tho 
multiplication was about 22 so tile small extensions aio accuiati t* 
0 02 mm 1 he area of section was 6 3 sq cm The table is arranged 
as in the last experiment (6) 

Thus the whole extension m three and a half days was mote than 
4 per cent of the length At 20 h 15 m the innei indioatoi had 
moved off the scale against a stop so the extension was probably 
rather greater ccitamly not less th in that gi\en I bo extension at a 
particularly low temperatuio, menti med in tho general summary was 
between February 18th, 21 h when the temperatuie was —9 0° and 
February 19th 91i 15 m There was a contraction on the outer side 
during this interval of 0 01 mm , and an extension on tin inner side of 
0 23 mm , so the mean rate per houi per 10 em was 0 00G5 mm 

It should be mentioned that the points on the glass needles, whore 
the indicators were attached wero not quite close to tho ice but at 
the distance of a centimetre perhaps * Hence while the m< an rate is 
ooireotly given, the extension on the muor side of tho bar is ex- 
aggerated, and that on tho outer side made too small Taking the 
ice as 2 5 em thick, this consideration leads to the result that the 
total extension of the outei face of the bar was 2 9 mm of the inuei 
faoe 9 7 mm 

This experiment shows how completely the plasticity depends on 
changes in the internal structure of the ice Thus tor the first two 
days we find, under a slight stroos, a moderate rate showing some 
tendency to decrease more rapidly than can bo easily attributed to 
the fall of temperature An increased tension produces as usual a 
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largo increase in the velocity But it has further the remarkable 
effect of transforming a slow retardation into a rapid acceleration A 
light tension now reduces the velocity to nearly the old figure But 
as soon as the former tension is restored the acceleration continues 
till the velocity reachos nearly 2 mm an hour It is true that this 
acceleration was attended by a r sing temperature but it stems far 
too great to be attributed to that alone We may fauly oonolude 
that the process of extension itself has sometimes the effect of 
increasing the apparent plasticity Reducing the tension by one 
third brought down the velocity at once by four fifths, and, strange 
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to Bay, impressed a gradual retardation m spite of a rising tempera- 
ture It would thus appear that in this case, while a rapid extension 
increased the plasticity, a gradual extension had tho effect of diminish- 
ing it This is an anomalonR Jesuit bat it must bo remembered 
that we are measuring the sum of a large number of independent 
actions The bohaviour of tin whole is piobably much more com- 
plicated than thit of any one of the individuals 

Bung cuuons to see tho effect of gmt tension, we appliod 4 2 kilos 
per sq cm This brought tho experiment to an end foi afts r half 
a minuto the ice gavo way It was found broken both at tho lower 
collar and at a point below the nppor needli whero we hud pic vionsly 
noticed a crack extenling pait of the way a< ross the bai At whu h 
point it broke (list we cannot say Tho bar was examined at the 
end of the experiment It was noaily stiaighb in spite of one side 
having oxtendid so much moie than the othei It contained 
soveial laij.o bubbles, ono perhaps 2 cm long di awn ont into veiy 
n regular shapes wlui h socmed to show this piect hud suffned great 
distoition while it still formed part of tho glacier It contained part 
of a very laige crystal which composed, peihnps one thud of tho 
whole bat, and tan tlirco quarters of the length between the noedles 
Ibis crjhtal occupied one of the angles adjacent to the innti face 
which « \t< nded so much Its optic ixis was inclined at poih.ips 70’ 
to tho length of the bar 

Eipetxnient No 9 Ronqh Appaiatus — The specimen was a bar of 
like ice with the eiystalline columns parallel to the length of the 
bar The see tun was 8 s ( cm in are i I he anange meats wero tho 
same as in the last expeument (8) The extonsuns uie so smill 
that the deduced rate dining each mtoiial would bo veiy mucenrate 
We have therefore given, m the second, thud, and f mrth columns of 
the table, the extensions me isured fiorn the length at the time of tho 
first reading and leduced to tho propoitum ito value for a bar 
10 cm long Ihcy ate piobably correct to 0 01 mm The fifth 
column gives the temperature Bhowu by the thormometer at each 
reading and the next three tho maximum, minimum and mean 
temperatures of the ice during each ink rial, estimated fiom a large 
number of observations not quoted 

Previously to 15 h , Februaiy 28th, the ice must have been thawing, 
probably for about an hour Tho weight was removed for the next 
three hours The total extension dm mg 208 boars per length of 
10 cm was 0 145 mm on the outer side, and 0 048 mm on tho inner, 
giving a mean rate per hour of 0 0004b mm The mean rate dm mg 
the first 168 hours was 0 00039 mm , and during the last 40 with the 
heavier weight 0 00076 mm , notwithstanding a slightly lowei mean 
temperature Bat these rates were so small as to be beyond our 
means of accurate measurement 
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Examining the bar at the end of the experiment, we counted about 
thirty columns in a section, most of which ran the full length of the 
bar The largest had a sectional area of about 85 sq mm 

Experiment No 10 Bough Appar i tut — L he specimen was a bar of 
lake ice, with the crystalline columns running obliquely across at an 
angle of 45° to the length of the bai Iho area of section was 
5 5 sq om The indicators &e , were arranged as before Iho tern 
peratuie at the time of observation and tho minimum temperature 
were obseived the maximum and moan temporatuns aro estimated 
The fomth and fifth columns give the actual extension during each 
interval They aie probably conoct to 002 mm as tho multiplies 
tion was 15 

The rate shows a doeidod tendency t> decieasi only slightly 
i hecked by the use of temperature Iho glass needles wore put at 
light anglos to the columns ns well as to the length of tho bar 



Lake Ice oblique to tbe Columns. Length between Needles, 11‘5 cm. Tension, 2‘75 kilos, per sq. 


Means, J. C. McConnel and D. A. Kidd. [Jane 21, 





1888 .] On the Plasticity of Glacier and other lee. 868 

We ahull now describe the experiment* on compression An oblong 
piece of thick plate glass was laid on the table, and on it were placed 
three square blocks of ice at tho angles of an tqmlatcral triangle 
about 9 cm in the side On the ice was laid a secon 1 pieco of plate 
glass similar to the first, and present c applied by means of a lever at 
a point immediately over the centre of the tnanglo Measmeraents 
were taken with calbptis of the distance between the plates at three 
points on the edge, such that each point lay on a lino through the 
centre and ono angular point of tho tuanglc By drawing a diagram 
to scale, it was not difficult to dcduio from th« se mi asurements the 
yielding of each block of ice lo prevent slipping we found it 
necessary and sufficient to freeze a Blip ol paper on each end of a 
block of ico A maximum thoimomcki was pi iced on Hit tsbh dose 
by tho p'ates nnd coveied over with the same cloth so that it 
probably gaie tlio tompintun of tho ice within a dogico The 
horizontal section of each block was 7 5 sq cm in an a The f mrtb, 
filth, and sixth columns girt the actual contraction of the blockB 
during each interval They are eonect piobably witl in 0 02 mm 
Each measurement with the callipers was repeated anil the two 
readings seldom diffeted more than 0 02 mm 

Prossme had been applied for one day previous to those hero given 
bnt owing to an accident, its magnitude was rnthor uncertain The 
remarkable diffeience between the plostn ity of thiee specimens 
of glacioi ice is well shown, though in this caso all thiee pieces 
were from the same lump Aftt r tho oxpcrimont they were examined 
under the polanscope All throo were composed of smallish grains 
averaging perhaps 7 mm in diameter The increase rf plasticity for 
a use in temperature from — G® to —8° is veiy Btiiking in all thiee 
pieces 

St penmen! No 2 on Compression — In this thiee pieces of lako ice 
were arranged as in tho last expenment The crystalline columns 
were vertical, so that tho pressure was applied in a dine turn parallel 
to them T. he horizontal section of ear h piece was 7 sq cm The 
fourth, fifth, and sixth columns of the tablo give the contractions 
during each interval, calculated fi< m the readings actually taken, as 
explained in the description of tho last experiment They are pro- 
bably accurate to 0 02 mm It may be montioncd that the totals are 
calculated to an extra plaoo of decimals, which explains tho slight 
duoropanoy observable 


TOL XL1Y 



Compression Experiment No. 1. Three pieces of Glacier Ice Initial Length, 2'9 cm. Pressure 3 2 kilos. 
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I bus the yielding of one piece was well within the enoja of obscr 
▼ation of the othoi two only ]ust perceptible with the instrument 
employed, and this small yielding may well have taken place entirely 
in the thm layer of uregular ice with which the papet was attached 
In the early pai t of the wintoi we made as already mentioned, a 
largo number of expeuments on obtaining ice m the mould* free 
ftrm au babbles Wo were nltimitely successful, and, though oui 
ivpuimonts proved to bo of little use for their immediate objtct 
tin) are of some permanent mtoi est as tests of vnnous methods of 
obtaining an fue watei so wo shall disi nbe a fiw typical ones 
Main the previous wintii, boiled the watei and lit it frciso, then 
melted it in the mould, boiled it and lit it fieott again The result 
was clear in, except lor ‘ a small <oie of minnte bubbles up the axis 
of the cjl uder By Mam a advice we piocnud an air pnmp adapted 
to exhaust the air from the mould Between the pnmp and the 
mould was a good stopcock, wlitih would maintain the vacuum for 
m viral hours Whin in g >od order the pump would boil watei at 
40° C or below Wo found thit thia diguo it exhaustion was fai 
fiom removing all the air, even when npplied for five hours B iding 
for halt an houi, cooling nib vacuo, and freenng at atmospheric 
pressure ondir oil was more successful, but not satmfmtory Wo 
ti07e the watir at atmospheric prtHsure to make thi bubbles small, 
having plated a layer of oil on the top to prevent air entering The 
next method proved much more effictual We kopt water cub t usuo 
tor twenty four hours at about 70° C and let it eool mb vacuo only 
admitting air after the fixering had bogun 1 here were a few 
excel dmgly small bubbles visible at one tnd of the rod of lie 
lhawingthis \ttb vacuo and ki oping it Rgau for twenty four horns 
tub uicuo at 70° 0 , we got nd of the last traces of air in the rod, 
though there were a few in the largo cone of ice 

[We conclude thut, to freo water from au, it should first bo boiled 
till most of thi dissolved air has oscapid, and then left for a oon- 
sideiable time without permitting any air to have acctss to its 
surfaco Boiling should be repeated at intervals to rernovo the air, 
which gradually escapes from the watii and mingles with the 
aqneous vapour m the space above It is probable that a high tem- 
perature quickens the process — July 6, 1888 ] 

Tho utter uregulanty of the crystalline structure of the mould ice 
is an obvious consequence of the mode of foimatiou Tho first toe 
formed no doubt, is a layei on tho suifaco, but the centre of this is 
soon broken though by water forced up from below, owing to the 
expansion m freezing So what we observed in ltsvanous stages was 
* Thu was the iron mould used by Main to form s round column of toe 2 S cm 
in diameter and St om in length, with a conical expansion at the lower end of 
perbape half the volume of the column 
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a mg of lae formed at the surface, •which gradually exteuded down 
the aid os and towaids the centie, till we had a long tube of ice thinning 
out towards the lower end joined on to a case of ice, lining the inside 
of the cone The tube grew thicker and thicker, till it became a solid 
bar When a piece ot sheet mdia rubber was laid on the ratface 
(to prevent air euteung), it was fiozon firmly to tht sidos of the 
mould, while the centre was pushed upwards into the shapo of a bee- 
hive, till at last it burnt It was cunuus to find the mdia rubber 
with the middle pait diawn out into a long tube with loin odges, 
hrmly imbedded in the ice at some little distmoe fiom the end 

In eonclusi n, we wish to express our thanks to Dr Main for tho 
ascot hib speual sketching machine anloi the vanous tbeimometeih, 
ealhpeis and much other appaiatus, which ho lias generously placed 
at our setvice 

In case any reader of this papor should bo kind enongh to offei us 
any useful suggestions, 01 on the other hand should desne fuither 
information on any point, wo give he re the p< 1 manent addi u>s of one 
of the authors James C MeConnel, Brooklmds Prestwich, Man 
cheater, England We miy add that copies of papers beating on the 
subject would bo partioulaily acceptable 


V ‘ On the Organisation of tho roaml Plints of tho Coal 
measures Part YV ’ By W C WrLLIAWSOV, LL l) , 
FHS, Profuwoi ot Botany in the Owens College, Muu- 
chostci Keeeivod June 1 1, lHbd 
(Abstract) 

The author describes and figuies a senes of specimens which thiow 
new light npou Coida s two gi m ra Zijj pUru and hiachoiopt m, as 
they aro adopted by M Benuult, but which spoeinitns show that 
both these geneia can no longer bo rotamod, even by those who 
approve of sueh multipheations of ill dthned genera He proposes, 
therefore, the abandjument of Anaoh mpio it and the retention of 
Ay gup tent, so that * Z /g pi raid ' may be e mplojod as a desenptno 
adjective in couuexiou with some speeially i caiarkabli forms of 
pctiolai vaseului bundles Undot the nim of h lcluoptem humta, a 
new gionp of freely branching stemB or thuomes ero hguitd an 1 
described, charac turned by having the exterior of their bark 
abundantly clothed especially in what appeu to be the younger 
shoots, with remarkably laige cuivcd multieellular halts, clostly rc- 
sembliug those similaily located in tho yonug shoots of the Mnisilesa , 
numerous cylindrical roots radiate from these axial organs Under 
the piovunonal name of Itachupt-ru vntunllata attention u also 
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called to some carious roots, the secondary branches of which are 
given off in regular verticils ; besides these plants two other distinct 
kinds of reots are described, m oach of which the cortical parenohyma 
is characterised by containing numerous lacun.es of the type so com- 
mon amongst aquatic and somi-aquatio forms of vegetation — e.a., 
Nymph va. All the above objocts are from the Lower Carboniferous 
beds at Halifax. 


VI. “ Effects of Different Positive Metals, &<\, upon tho Changes 
of Potential of Voltmc Couples.” By G. Uork, F.R.S. 
Received June 13, 1888. 

The following efteots upon the minimum change of potential of n 
voltaic couple in water (‘Roy Soc. Proe.,’ May 26, 1888), and upon 
Ihe change of potential attending variation of strength of its oxoiting 
liquid (ibid, May 31, 1888), were obtmnod by varying tbe kind ot 
positive (and of nogalivc) metal of tbo couple, and by employing 
different galvanometei-s. Thu measurements were made by tbe 
method of balance, with tho aid of a thermo-electric pile* (‘ Birming- 
ham, Phil. Soc Proc.,’ vol 4, p. 130), anil the numbers have been 
corrected for errors caused by absorption of hydrogen by tho platinum. 
The water employed was ordinary distilled water, redistilled after 
addition of a minute amount of snlphuriu acid, and was quite free 
from ammonia. 


Table I — Mg + Pt + HC1 in 465 grains of Water at 17" C 


r 

i 


0 15 
0 13568 
0 12060 


1*7119 
1 69*6 
1 0801 


0*0458 
0 0808 
0 0158 


0 10509 
0 09072 
0 07675 
0 00078 


1-6040 

1-666 


With an ordinary astatic galvanometer of 100 ohms resistance, the 
smallest proportion of the anhydrous acid required to change the 
potential, lay between 1 part in 516,666 and 570,000 parts of water ; 

• This instrument is manufactured by Messrs. Nelder, Brothers, Uorseferry 
Bead, Westminster. 
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bat with a Thomson’* reflecting one ot 3040 ohms resistance, it was 
between 775,000 and 930,000 

The effects obtained with zinc os a positive metal havo already 
been given (‘ Roy Soc Proc May 31, 18S8) With that^netal and 
the astatic galvanometer the minimum proportion of acid required to 
change the potential lay between 1 pait in 9 100,000 and 9 388 185 
parts of water , bnt with the reflecting one it lay botwoen 1 iu 1 5,500,000 
and 23,250,000 

Notwithstanding the electiomotiie force of magnesium is so much 
larger than that of zinc in the very dilute acid, the minimum propoi 
tion of the acid required to destroy the balance was very much 
smaller with 7iuo than with magnesium, and the increase of elcctio 
motive force was more rapid with rino than with magnesium The 
minimum proportion of acid requited to change the potential with 
magnesium (' Roy Soc Proo May ‘2b, lb8H) or with zinc, was 
nearly the sann whothei the coupk was balanced by a piccisely 
similar one or by the thermo-cltctuo pile The order of variation of 
electromotive force by change of stiength of the liquid was \ery 
similar with zinc to what it was with magnesium, and the onrvts 
generated by plotting the results were much alike 


Table II — Cd + Pt + JIC1 in 465 grains of Watei at 17 5° C 


0 16 
0 18663 
0 12006 
0 10609 


0 07576 
0 00078 
0 01581 
0 03084 
0 01686 


0 9108 
0 1251 
0 9427 


0 0009 
0 00081 
0 00073 


0 7b78 
0 7478 


With the astatic galvanometer the smallest proportion of acid 
required to alter the balance was betwoon 1 in 574 000 and 637,000, 
but with the reflecting galvanometer it was befwcon 1 in 1,162 500 
and 1,550,000 The ordei of change, or enrve of electromotive force 
by variation of strength of liquid, was somewhat similar with cadmium 
to what it was with zmo and magnesium 
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Table ILL — Al + Pt + HC1 in 465 grami of Water at 16 6° 0 


0 8517 
0 8345 
0 8481 
0 8517 


Witt) the astatic galvanomoter, the minimum proportion of acid 
rtqtured to change the potential lay between 1 pait in 12,109 and 
lo.OOQ parte of water, but with the reflecting one it was between 
1 in 42,56b and 46,500 The cuive of variation of electromotive 
force, by nnifoim chango of gLrengtli of liquid, was less regular than 
with either nut or magnesium, but presented certain points of sum 
larity with the cut vts of zinc, magnesium, and cadmium 

lhc following table shows the proportions of tho acid required to 
upset the balance of each of the pioceding couples in water — 

Table IV 


With the Astatw Gelranometer 


Zn + Pt 

Between 1 in 9,100,000 and 9,3h8 185 

Cd + Pt 

„ 1 „ 574,000 „ 

617,000 

Mg+ Pt 

„ 1 „ 516, (.66 „ 

574 000 

Al + Pt 

„ 1 „ 12,109 „ 

15,000 


With tlie Reflecting Galranoineter 

Zn + Pt 

Between 1 m 15,o00,000 and 23,250,000 

Cd + Pt 

„ 1 „ 1,162,500 „ 

1,550,000 

Mg 4* Pt 

„ 1 „ 775,000 „ 

930,000 

A1 + Pt 

„ 1 „ 42,568 „ 

40,o00 


Table V — Mg + Pt + Iodine in 465 grains of Water at 14° C 


0n.in. 

Volte 

Gia ns 

VolU 

0 138 

0 11) 

0 1062 

0 0033 
i> 0604 

0 0675 

1 5318 row to 1 777 

1 5112 ", 

1 4741 ” 

1 4o08 „ 

0 0o4C 

0 0117 

0 0288 

0 0159 

0 008 

1 4541 rose to 1 777 

1 522 

1 5588 
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The electromotive force in the seven strongest eolations rose quickly 
after immersion, thu ww due to an extreme!} thin solid coating 
forming upon tho magnesium 


Table YI —Ditto at 19° C 




Volta 


drum. 


3 olta 


0 00090 
0 00089 
O 00088 
o oooaoo 


0 000723 

0 OOOt I 
0 00033 


1 6588 


With the astatic galvanometti the minimum pnpottion of iodine 
roqnned to alter tl e potential lay between 1 m 577 711 ind ( 43 153 
paitfi of water If the magnesium was merely wipe! b< two* n each 
measurement instead of bung cleaned with emu y cloth tho electro 
motive forces on hist immcision wete 0 18 volt higher m tables V 
and YI 

The smallest proportion of iodine necessary to upset the balance of 
a sine platinum couple in witor has already been published 
(“Influence of the Chemical 1 neigy of Electiolytes &c Roy 
hoc Proc, Juno 7 , lb8b) it lay between 1 pait in 3,100,000 and 
3,521,970 


Table VII — Cd + Pt -f Iodine in 465 grams of Watu at 19° 0 


Gruns 


Volta 


Oiui* 


3 lt> 




3 olta 


0 132 

0 11 ) 
0 1082 
0 0033 
0 0804 


0 9884 
0 9741 

0 9884 
0 9827 


0 Ob75 

0 Oo48 
O 0417 
0 1.88 
0 0159 


1 0027 

0 9854 

1 01)8 
O 0804 

o r« 


0 00)0 

0 ( 021 2 
0 0021. o 

0 00.17) 


0 8)11 

0 8028 
J 7882 
0 747 


The minimum proportion of iodine lequued to change the poten 
tial lay between 1 pait m 200 431 and 224 637 paits of water 
The ourvos of variation of electiomr tive force by umfoina change 
of strength of liquid with sine platinum and cadmium platinum, 
presented certain similarities but that with magnesium platinum was 
considerably different probably in eonsequtueo of insoluble thus 
forming upon the magnesium 
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The following an the proportions of iodine which wen required 
to ohange the potentials, when the astatic galvanometer was 
employed : — 


Table VIII 

Zn + Pt. Between 1 part in 3,100,000 and 3,521,970 

Mg + Pt. „ 1 „ 577,711 „ 643,153 

Cd + Pt. „ 1 „ 200,431 „ 224,637 


Table IX. — Mg + Pt + Bromine in 13,950 grains of Water at 12° C. 


The smallest proportion of broinino required to ohange the 
balance lay between 1 part m 310,000,000 and 344,444,444 parte of 
water. 

The minimum proportion necessary to disturb the potential of a 
sine-plat inom couplo in water has been already given (‘ Boy Soc. 
Proc.,’ May 31, 1888), and was between 1 part in 77,500,000 and 
84,545,000. 


Table X — Cd + Pt + Bromine in 465 grains of Water at 19° C. 




Volt. 




Volt. 




Volt.. 


20-1 


16- m 
14-97 


1 8881 
1 8709 
1 8538 
1-8307 


13 26 
11 55 
0 81 
8 18 


The strongest eolation was a saturated one. 
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Table XT —Ditto at 10* 0 



Tho sraalltftl proportion necessary tf disturb tho p itontml Ity 
between 1 in 3 470 112 and 1 875 000 With th solutions from 0 \o 
to 1 05 giaui the electri motivo fertes were \ai mblo withoit any 
apparent tause 

1 be proportions of bromine required to change the potential with 
these couples were as follows — 

Tabic XII 

Mg + Pt with bi online Between 1 part m 310 000 000 
and 144 444 114 

Zn + Pt „ 1 part m 77 500 000 

and 84 545 000 

Cd + Pt „ 1 partin U701I2 

and 3 875 000 

The magnitudes of the proportions of bromine required to change 
tho potential with tho three couples varied directly as the atomu 
weights of the thiee positive metals 

Mg + Pt + Chlonno in 405 grains of Watci at 11° C 

Sixteen different solutions, varying in strength from 1 0695 grain 
to 0 03 grain, with a constant diffeitnto of 0 0693 gram gave oach 
the same potential, vis , 2 7336 volts Much gas was set free at tho 
magnesium, hnt only in the stronger solutions Owing to the extreme 
sensitiveness of this couple to chlonno several stnea of measure 
ments wore necessary in order to determine the mimmau ]>omt with 
approximate accuracy, and include the entire range of solution 
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Table XIII -Ditto at 13° 0 


0 (MO 
0 027 
0 0-1 
0 021 
0 018 


0 016 
0 018 
0 009 
0 00b 
0 008 


2 8906 
2 862 
2 2191 
1 9616 
1 9118 


Table XIV -Ditto at C 


0 0027 
0 0024 
0 00-1 
0 0018 


0 0016 
0 0012 
0 0009 


Table XV -Ditto at li° 0 




1 olti 




Volt. 


0 0008 
0 00015 
0 000076 
0 0000376 
0 00001876 
0 00000917 
0 00000108 
0 00000214 


1 9117 


1 8249 
1 8100 
1 72)2 
1 7900 


0 00000117 
0 0OOXXM8 
0 00000029 
0 000000111 
0 0000000725 
0 0000000 «, 
0 000000018 


1 782 
1 7620 
1 7248 


Table XVI — Ditto in 13 150 giains of Water at 12 5° 0 




Volt. 




Volt* 


0 000000691 1 673 

0 000000821 , 

0 000000792 1 6689 


In this table, the delicacy of the thermo pile was increased by 
reducing the difforcDco of temperature between its junctions from 
100 Centigrade degrees to 50 
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With the aatatio galvanometer, the electromotive force of the 
oonple in water began to ohange when the proportion of chlorine wae 
between 1 part in 17,000 million and 17,612 million parts of water ; 
bnt with the reflecting one it was betweon 1 in 29,062 millions and 
32,201 millions 

The minimum proportion of chlorine required to change the poten- 
tial of a ainc-platinum couple, when tho astatic galvanometer was 
employed, lay betweon 1 part in 1,264 millions and 1,300 million parts 
of water (“ Influence of the Chemical Energy of Electrolytes, Ac.,” 
• Roy Soo. Proo June 7, 1888). 

Table XVIT — Cd + Pt + Chlorine in 465 grams of Water at 19° 0 


l ot;o5 
l-oooa 

0-9800 
0 8610 
0-7938 
0 723 


1 71661 
1 730 
1 7688 
1-7163 
1 780 


0 -65,17 
0 5844 
0-5151 
0-4458 
0 3705 
0 3072 


1 7339 
1 7261 
I 7223 
1-7165 


1-7137 
1 7022 

1 6836 
1 0062 


Table XVIII —Ditto at 19° C. 




Volts 


0 08 
0-027 
0 024 
0 081 
0 018 


Grain* 


0 016 
0012 
0 009 
0-000 
0-003 


Volt. 


1 -5L75 

1-4889 
1 -4608 
1 4.191 
1 3469 


Grama 


Volt* 


0 0008 
0 unoinOOB 

0 00006346 
0 00001806 
water 


1-1028 
0 7.KU 
0 7689 
0 7175 


The smallost proportion of chlorine ueccspary to chango the 
potential lay between 1 part in 8,773,585 aud 9,270,833 parts of 
water. 

The following results wore obtained by varying tho kind of negative 
metal : — 


Table XIX.— Zn + An + Chlorine in 13,950 grains of Water at 

16* C. 


Grains. 


Volta 


0 00002C02S 
0-000686344 
0 000024947 

water 
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The minimum proportion of chlorine in this oaae ley between 1 in 
618.587.S60 end 550,618,022 parti of water 

Table XX — Zn + Cd + Ohlonno in 1550 grains of Water at 11° 0 



Eleven other solutions of different strengths all weaker than 
0 02027, each gave the same p< tcntml as watei The minimum pio 
portion of chlorine required to disturb the balance lay between 1 part 
in 55 416 and 76 407 parts of wator In this case the addition of 
chlorine decreased the clectromotivo force a similar effect occurred 
with a mnc platinum couple in a s ilution of potassic iodide ( Jnflucnoe 
of the Chemical Eneigy of Electi olytes, &o , ‘Boy &oo Proo, 
June 7 1888) 

The following aro the minimum proportions of ohlonne which were 
leqnmsd to change the potential — 


Table XXI 

With anastatic liahanomoter 


Mg 

+ 

Pt 

+ 

Cl Bctwt 

en 1 in 17 0( 0 000 000 and 17 1.12,000,000 

Zn 

+ 

Pt 

+ 

Cl 

1 1264 000 000 , 

1,300,000 000 

Zn 

+ 

An 

+ 

Cl 

1 , 51h 5b7 360 „ 

550,513,022 

Cd 

+ 

Pt 

+ 

Cl „ 

1 „ 8,712 585 „ 

9,270,833 

Zn 

+ 

Cd 

+ 

Cl 

1 , 55 436 „ 

76,467 


With a Beflectmg Galvanometer 

Mg + Pt + Cl Between 1 in 27,002 millions and 32,291 millions 


The examples contained in this paper aro sufficient to show, that 
tl o proportion of the same exciting liquid neoessar y to distuih the 
potential of a voltaic couple in water, and the order of variation of 
potential caused by change of strength of liquid, vary with each 
diffeient positive or negative* metal Ihe numbers in Tables IV, VIII, 
XII and XXI, show that the more positive or more easily conoded 
the positive metal, or the more negative and less easily corroded the 
n gative one, the smaller nsnally was the proportion of dissolved 
s distance required to change the potential In the oase of thloi me, 
* If the negative metal u not at all oorroded the order of change of potential bj 
change of negative metal ta not much affected 
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as well as in that of bromine, the magnitudes of the minimum pro- 
poibons of substance necessary to cliango the potential of magnesium* 
platinum, zinc platinum, and cadmium platinum couples, varied 
directly as the atomic weights of the positive metals 
The experiments also Bhow that the degree of sensitiveness of the 
airangement fox detecting the minimum print of change of poten- 
tial depends largely npon the kind of galvanometer emplcjcd As a 
more sensitive galvanometer enablts us to dettet a change ot j otential 
oauBod by a much smaller propoiticn of matcnal and ns the propor- 
tion of substance capable of detection is smaller the gi eater the tree 
chemical energy of each of the uniting bodies it is probablo tl at the 
electromotive forco really bigins to inoi esse with the veiy smallest 
addition of the substance, and might be detected if our moans of 
detection were sufficiently sensitive or the free chomical energy was 
sufficiently strong 


VII “ Magnetic Qualities of Niekol (Supplement iry Paper)" 
By J A Kwi\g, F R S Professoi of Engineering m Univer- 
sity College, Dundee Received June 14, 1888 
(Abstract ) 

The paper is a supplement to one with the same title by Pi ifessor 
Ewing and Mr Q 0 Cowan, which was read at a locont mooting of 
the Society It describes experiments conducted undei the author s 
direction by two of hut students Mi W low and Mr D L w on the 
effects of longitudinal compression on the magnetic peimeabihty and 
retentiveness of nickel I he losultaaro exhibited by moans if curves, 
showing the relation which was determined between tho intensity of 
magnetisation of the metal and the imgnetising force when a nickel 
bar reduced to approximate endlessness by a massive iron y ke which 
formed a magnetic connexion betwoen its ends, was magnetised under 
more or less stress of longitudinal eompressi m Con ospondmg e ui vos 
show the relation of residual magnetism to magnetising force, for 
various amounts of stress , and others ate drawn to show tho relation 
of magnetic peimeabihty to magnetic in luction Initial values of the 
permeability, undor very feeble magnetising foiocs, wtre also deter 
mined Ihe experiments wore concluded by an examination of the 
behaviour of nickel in magnetio fields of great strength Magnetising 
forces ranging from 3000 to 13 000 egs units were applied by 
placing a short bobbin with a narrow neck niado of nickel between the 
poles of a large electromagnet, and it was found that these produced a 
practically oo ns taut intensity of magnetisation which u to be accepted 
aa the saturation value 
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Vm. “Evaporation and Dissociation. Part VIII. A Study of 
the Thermal Properties of Propyl Alcohol” By WlLMAM 
Ramsay, Ph.D., F.R S., and Sydney Young, D.Sc. Re- 
ceived June 14, 1888. 

(Abstract.) 

In continuation of our investigations of the thermal properties of 
pure liquids, wo have now determined the vapour- pressures, vaponr- 
densities, and expansion in the liquid and gaseous states of propyl 
alcohol, and from those resnlts we have calculated the heats of vapo- 
risation at definite temperatures. Tho compressibility of tlio liquid 
has also been measured Tho ran go of temperature is from 5* to 
280® C., and the range of pressure from 5 mm to .16,000 mm 

The memoir contains an account of the pacification of the propyl 
alcohol ; determinations of its specific gravity at 0®, and at 10®'72 ; 
and of tho constants mentioned above. 

Tho approximate critical temperature of propyl alcohol is 263 0, 7 ; 
the approximate critical pressure is 88,120 mm., and the approximate 
volume of one gram is 3 6 o c. Tho first two of these Constanta must 
be vo ry nearly oorroot; the third cannot be determined with the same 
degree of precision. 

The memoir is accompanied by plates, showing the rotations of 
volume, temperature, and pressure in a graphic form. 


IX. “ Contributions to the Chemistry of Chlorophyll. No. IH.” 
By Edward Sohunok, F.R.S. Received June 19, 1888. 

(Abstract.) 

This paper is a continuation of the previous ones on tho same 
subject In it the author gives an account of the action of alkalis on 
pbyllocyanin so far as regards the first stago of the process, and of 
the products thereby formod. Phyliocyanin when acted npou by 
alkalis yields in the first instance a well-crystallised substance of a 
peacock- or ateet-blue colour, to which he gives the name of Phytto- 
taonin He describee its properties and those of some of its com- 
pounds. When hydrochloric acid gas in excess is passed through a 
solution of chlorophyll in alcoholic soda, a compound crystallising in 
lnatrons purple needles is formed, which seems to be the ethyl ether 
of phyllotaonin. By substituting mcthylio for ethylio aloohol a very 
similar oomponnd is obtained, whioh the anthor considers to be the 
corresponding methyl ether. Though these compounds readily yield 
phyllotaonin by saponification with alcoholic potash or soda, the 
author did not succeed in reproducing them by the combined action 
of aloohol and hydrochloric acid on phyllotaonin. 
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X. “On the Specific R< sistance of Meicury ” By R T. Olazi- 
brook, M A , F RS , Fdlow of Timity College, and T C 
FlTZP\TRlOK, B A , Fellow of (’bruit h College, Deinonatratoia 
in the Cavendish Laboiatoiy, Cambndge Received June 
19 , 1888 . 

(Abstract ) 

The paper contains an account of expeumont? made to doteimine 
the value of the resistance of a column ol meicaiy, 1 met it long and 
1 sq mm in oroes section^ in terms of the 11 A unit The method 
employed diffirod very slightly fioin that of Lord Rayleigh and 
Mrs Sidgwioh (‘Phil Tians , 1881) Tubes of about 1 2, and 
3 sq mm in cross section wuo uvli hinted and filled with m leury 
They wtio then lrumeised m melting ice and tin ir resistance e >iu 
pared with that of the B A standards, using Gaiey Foster s method 
and the B A bridgo The length of the mercury column occupying 
nearly the whole of the tube, was measured, and tin rnnsb of the same 
determined 1 rom this tho avei age cross section is obtained and heni e 
the value of r, the resistance of a column 1 metio long, 1 sq mm in 
cross section The merenry used to find the ctoss stclnn w is with 
few exceptions that which had been employed in finding the tesistancc 
The results of tho measurements me givon in Tihlo 1 

In the table, Column 1 givoa tin number of tho tub* , Column 2 thi 
numboi of the observation L is the length of the tnbe, and a the 
mean radios of the cross section II flu observed ipsistance iu B A 
units The mean value of r found bom the throe 1 mm tnlies is 
0 95354 B A units The other font tubes of one half and one thud 
units respectively lead to tho value r = 0 95341 BA units The 
difference between the two is considi i ible, and reasons aie given for 
assigning more weight to the fiist value 

For an aocopnt of the oxpciimeuts and of the small piecantions 
necessary to secure accuracy, reference must be made to the paper 
Table II gives a list of the various values which have been found 
for r with the lengths of the column of meicury which, accoiding to 
the different observers, has a resistance of 1 olim (10® COS units of 
resutanoe) In oombming our own observations we havo assigned 
weights to the various tube® inversely proportional to their diameters, 
and we find as our final value 

r = 0 95352 
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Table If 


Observer 

Date 

Value for r 
in BA 

Ul it) 

Value ot 
ohm m 

ot nurcun 
at (f 

Lord Rijloigh and Mm Sidgwick 

18SI 

o > ua 

irr as 

Waacart NcrviUc an l llonoit 

ISNt 

0 

10 <1 

Streaker 

INS 

o i m 


L T orentr 

INN , 

0 1 1H8 

10j M 

Rowland 

1N87 

O ) 14) 

101 il 

Kolilriuaoh 

•INNS 

oe, 11 

10 11 

0-ian.brook an t 1 it. pa trick 

INNS 

O 

108 20 


The paper contains a discussion of tin tibovi rthnlts Tt is slio \ n 
that piobably Lord Rnyloigh s value of r in ly tv t >o high by ns much 
as 0 0002 m consequence of the fact that the mertuty m lus te i n n ll 
caps was 5® or 6° (.’ , but no complete cxpl mivtion il the differences 
between his result and those of Rowlml Kobltausch and onrsclvis 
has been found The difficulty of wording with tubis stub as Ih se 
used by tho Tjorentr, 1 — 2 me ties in length an I 1 2 ind 3 cm in 
diametei, may peihaps account for Ins value fot the ohm \i/ , 105 


XI “ Researches on tho Stiuctuic, ()i{,auisatton, anil CliiHHificu- 
tion of the Fossil Rcptiha VI Ou the Anomodout Reptilm 
and their Allies” By H (r Slkley, FRS Ruuvcd 
June 20, 1888. 

(Absliaot ) 

The author examines the structun of tho skull in tho Dicynoilontm, 
and disousses the mtei protatious of its elements and alhmtics given 
by Sir Richard Owen, l’lofesnor Huxley and Piofcssot Cope an l 
arrives at tho oonclusion that the intei pi otation of tho bones of tho 
palate may bo varied Iho qnadiatc btno is found, though it is 
absent from many specimens owing to loose articulation, and the 
malleus is recognised as a noimul element in tho skull which 
articulates with the quadiate and is fice, except at its oxtromities 
The palatine bones aro internal to the pterygoids and the pteiy- 
golds extend fotwaid to tho maxillary The oolnmclla is found 
more than one specimen Many new Bpc< irnous are described 
whioh further elucidate the strut tuie of the skull Iho hist of 
these shows that the upper part of tho fommtn maguum lsfoimod 
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by the supra-occipital bone, and that the element which has appeared 
to bo a supra occipital is tho inter parietal Evidonce is given ol 
the form of the brain case which ir found to be high and narrow 
Details art given of the structure of the squamosal bone, and of its 
ldatien to the quadiate and othoi ciamal oltmonts , and it appears 
that tho squamosal usually tmbiucts the quadrate, so as to extend in 
fiont of it and sometimes to ludt it so that both the quadrate and 
squamosal sometimes exmtiibnto to form tho articulation for tho 
1 >wer jaw 1 vidonco is offered of tli< sutuios which divide tho bones 
ot tho skull from t ach otlu r The sub nasal element, found m 
Parnamtiin, is met with in Ditjnodonts, sometimes below tho 
natino, and sometimes within ps tie t in tho position of a tnrbinal 
new typo of quadiate bint which is lfgarded as Anomodont is 
described and found to differ from the usual form in being perforated 
in tho int< ro posterior dire turn A summary of the stiucturo of the 
si nil is illustiated by a icstoiation showing its sutures 

1’nrthei contributions aro made to a ktiiwle Ige of the vertebral 
< >lumn Hio eeivtcd vertebim arodescubed tho atlas and bxib am 
legal did as aucliylosed and sueceoded by an mtercentium which 
has m neuial aieh lho corvicil nbs aie comparatively Jong, and 
i lticulato b> a long fork with tho neuial arch, as well as with the 
centium Forth r cvidmce w given of the Btiuetnie of doisal 
vert obi m showing that tho tib is attached to a Ringle tiansveiso 
process of tho neural arch The oaudal vertobr® of Plityjiaditnunu, 
eleven in numbor as pi cser ved are described and somo observations 
no maele on the mode of ossification of the mte rvortebral substanoo 
Additional matcnals further olucidato the Anomodont scnpular arch, 
and examples of scapula and coracoid are described, but the only 
additional polvio bone described is tho pubis oi 'lxtanotwhus 

An account is given of the limb bones, winch aro oluoidatod by 
laigo bones associated with tho skull fragments described by Sir 
R Owen as Titanosvchus ferox They contubute to a knowledge of 
tho femur, humei us, and fibula in that typo, and are associated with 
small bones of the extremities which are probably ractacarpals Tho 
ulna is desenbod, which was rofci red by Sn R Owen to Parmasaurut, 
and evidence is given that it possessed terminal epiphyses of different 
form to any whioh are known in fossil reptiles the proximal epiphysis 
having much the character of tho olecranon of a mammal A massive 
Anomodont tibia, also referred by Sir R Owen to Partnatavrus, is 
described, and found to possess a distal talon of mammalian pattern 
Further observations are made upon the Thenodontia, as restricted 
to the genus Qalesawrus, the skull of which is further elucidated The 
author also describes new material, making known the structure ot 
the skull, palate, and scapular arch of ProcflopJwn, from which it 
appears that the pre-coracoid is exceptionally well developed, and 
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united by suture to the coracoid Tbo mtci clavicle had the slcndci 
T -shaped form of the bone id Ichthyrmurw 
Procolaphon has teeth on the vomera anil pteiygoid bones and the 
structure of the palate and the post cubital logon show that the 
Procolophoma forms a distinct division of thi Anomodontia Obsei 
vatioiis arc madu cm the icl itions of the Euiopem and South African 
Anomodonts and on the rtl itum of tin Anomodontia to the Pclyco 
sauna and to Gotyloaamia Companion is nude wiLh 1 laco lux 
which genus has two tvou lpital condyles, oompnablo to those ot 
mimmals, and appouis to have lost tin basi-occipital cmdylo l om- 
pamons aic mado with other extinct nptihu to show the relation of 
the Anomodonts to the S mnscliu, and i the i icptilmn types Obsei 
vations arc offero 1 on the theory ot the An tme I nt skull ind on tlio 
effect of the uiticulatiou ot tlic lowi i j iw with the squamosal in 
causing a diminished giowth of the malleus and qu id rate convcituig 
them into the malleus and tyra|ianie 
The largei gioups included m the Anomoelont alh mi o arc ug udi d 
as the I’ateiasauna and Pioeolophoun Dicjn dintn tiennetotl ena 
and Pelycosanna, tho Thcnodoutia Cjlyhsiuua ind Maeodontis 
aio rcgai led os coming tin lot the same sub ehss which at one en I it 
the series exhibits characters which link loptilcs with uiiplubuiis 
and at the other end of the senos link leptiles with mam mils 

XII “ A m w h onn of Eudinmr te r ’ By TNn LIAM M vhcet 
MD,FR.b Ktcuv eel June 20, 1888 
[Putt H J 

The quantitative determination of oxygen, simple as it appears at 
that sight, is found in pioctiee beset with many dithonlties Liebig s 
method with pyrogalho acid and pitassiura hydiate, though ion 
sideied as yielding oorreet icsults takes too much turn anl is un- 
satisfactory in some ics]>ecls, so tliat tho eudiometer has bocomo ot 
genet al use for the estimation of oxygen l shall not attempt to 
describe the various formB of eudiometer, but it may be assumed that 
Regnanlt, so well known for tho care he bestowed on his investiga- 
tions, had adopted a very ooircct kind of cudi imeici m the lesearchos 
he undertook with Rcisct on the chemical phenomena of rospnation * 
Other eudiometers have been made smi p then, such as the ingenious 
instrument of l)r Franhland for gas malysiB which has proved most 
serviceable I claim for the present form of eudiomitcr that it is 
correct and reliable in its workmg, simple in construction, and oasy 
of manipulation The main objects of an endiomoter must be the easy 
introduction of the air to bo analysed, the ready mixture of that air 
with a known volume of pure hydiogen gas, and the correct reading 
• 1 Annale* de Chume et de Physique/ 8rd Sene*, to! 26, 1849 
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ot the volume after explosion It will be seen that these conditions 
aie entirely fulfilled in the present instrument , and it has, moreover, 
the advantagt of Ixing available in conjunction with Pettenkofei ’s 
method for the determination of carbonic acid in atmospheric 
uir 

lhe cuduimttor as figured in the accomnanying Plate has the 
t n m of a T piece the vcitiral limb of wlm h is a straight tube about 
60 < m in length and 12 cm in diameter, it is divided into 50 oi 60 o o 
ind tenths of cc, like a common buictte The npper end of tl is 
tube is closed an tight with a steel cap, from which lateral tubes 
project light and h ft, tlieso tubes aie bent V shapod, or rather m the 
formotalyiu At the junction of the lateial tubes with the cap, 
thcie is a three way st p cock allowing of the passage of air or gas 
in font different dneclions, vis , first tluough the tubes cut off from 
tho liody of the eudiometer, secondly info the eudiometer, which is 
done by raising it in tho meicury trough thirdly , out of the cudio 
rnetcr on the sulo c pposito that from which it was lntioduced, which 
is effected by depressing the lube in the met cm y, fourthly, through 
the lubes and eudiometer simultaneously The eudiometer is held 
tightly by two claws projecting at diffucnt heights fiom a vertical 
non lod connected with a rack and pinion movement The iron rod, 
togethoi with fho endiometei, is nmneised in mercury contained 
in u stuught cylindrical glass vosscl 

lhe lijdiogcn nsod for the explosion is piepared for that special 
ebjoct fi >m sine and sulphuric acid in the oidinuiy way, and washed 
tluough an alkaline soluti in, i lilies than obtained condensed in iron 
bottles from the manufacturers, and it is eolleeted in a bell-jar 
suspended over water The bell jar I me holds 11 litres of gas , it is 
balanced by a conn tei poise, ami its weight, as it movos up and down 
in water, is rogulati d by another counterpoise hanging from a oyoloid, 
so that tho gas in the holder is always under atmospheric pressure , 
an oil gauge fixed to the holdei shows af any time the pressuie in the 
bcllj tr Should tho gas fail to be absolutely under atmospheric 
pressure, the equality of pressures may be insured by the use of the 
adjusting instrument I have described in a former communication 
It consists of a clamp fixed to tho i im of the tank, and made to grasp 
at will tho cord holding the counterpoise , a screw in connexion with 
the clamp enables the cm d^ and consequently the boll-jar, to be 
drawn up oi down hoi the actual requirements of the analysis, a 
receiver for the hydrogen holding only one litre of gas would suffice, 
bnt it is better to have a larger gas-holder in which to store up the 
hydrogen for future determinations 

Moreover, the cycloid arrangement for regulating the weight of the 
bell-jar, though very convenient, may be dispensed with, as the gas in 
the reoeivcr can be brought approximately under atmospheiio pressuie 
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by means of weights, while tho adjusting screw will enable its bung 
accurately placed trader atmospheric pressure 

The analysis is made as follows — 

We suppose that air for analysis has been shaken with bannm 
hydrate m a glass jar of a captuity of alnrat 10 litics, and nude 
according to the form adopted by I)t Angus bunth* for the 
determination of caibonn at id in air by Pcttnnk >fu s mi thod Thu* 
jar is dosed by a tight httirg India rul tar cap whiih I covn with 
several coats of copal vatnish , fiom this cap two shoit radia lubber 
tubes project each of these tubes being damped by a pint h cook 
After tho agitation is over, and when all tht carbonic aeil ih taken 
up by the alkaline solution tht fluid is pouted out fiom the jai into 
a glass stoppered bottle holding about 100 c c 1 his can he done 
easily without letting any air into the jar, as the radii rubbu cap 
will collapse somewhat while the fluid is showed to inn out through 
one of the radia rubbt t tubes in tlic esp a vei y small quantity of 
fluid only being left m the jar Tho mdia luhhei tube is again 
olampod, and the bottle bolding the barium hydrate is soalod with 
paiathne and left undistuibcd fur the precipitation of the carbonate 
and subsequent analysis 

The glass jar frail of air free from carbonic and, and absolutely 
saturated with moisture, is placed under a funnel suppoited on a 
flltrr stand, and the fuunel is connected with one of the mdia lubber 
tubes piojectiug from the cap, wlnlo tht otbn tube has a sboit piece 
of glass tubing inserted into it, to which a lunger india rubber tube is 
fixed 

Everything is now ready for the dotoi mraetion of the oxygen of tho 
au contained in the glass jar After tmniug the Btop cock in tho inp 
of the eudiometer, so as to allow the hydrogen gas to wash out tbe 
steel tubes and top of tho eudiometer, the latter is lowered in the 
Cylinder until the meicury is in contact with the lap, and therefoio 
veiy noai to the stop cock The eudiometcx is next connected by 
nartow radia-rubbei tubing with the hydrogen receiver on which a 
weight has been placed, and on opening the rtceixer hydrogen lushei 
out, washing thoioughly the passage through which it will have to 
reach the eudiometer, and dnviug out the vory small quantity of air 
contained in the steel cap between tho mercury and the stop cock l 
found it convenient to stop the end of the V shaped tube letting ont 
tho gas with short radia-rabbor tubing and a praoh-cock Wheu a few 
hundred cubic centimetres of gas have gone through, the tluee-way 
tap u turned by one qoai ter of a turn, so as to place the tube w 
communication with the hydrogen , it is now easy to rinse the eudio- 
meter with that gas, by raising the eudiometer, and thon giving the 
times- way cook half a torn, so as to bring the insti ament in commnm- 
• 1 .Air and Bam, 1878 
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cation with the external air , the endiometer u then rapidly depressed 
and closed In this position the tube from the hydrogen can be rinsed 
again, independently of the endiometer, so that the washing may be 
oonsideied as complete and thorough 

I lie endiometer boing brought into connoxion with the hydrogen is 
again raised and 18 c c of hydrogen gas are taken in under atmo 
spherio pressure 

The hydrogen kept over water is saturated, and a thermometer 
with its bulb in tbe bell jar gives the tempt raturo of the gas whioh 
is very nearly that of the lnboiatny so that by tbe time the gaB 
is r^ady to be measuied m the euliometoi it shows no ttndeaey 
uthir to contract or dilato Iho cu hometor now contains the 
volume of hydrogin required fir tbe uiolysis, and the stop cock is 
turned shutting off the gas from tho holder and opening the V* 
shaped tubes through and through in itadinebs for washing out with 
tho air to be analyst d 

llie air from the large glass i»r is intro lucid into the endiometer 
in tho following way Having hllod the fnnnol leferred to above 
with wattr the lattir is lit mto the jar by opening slightly the 
pinch cock closing the funnel at tlu tsmt time the glass jar having 
been connected with the V shaped tube of tlu eudiomitcr by mdia- 
mbbci tnbmg is opt net! tow aids the instrument when the air 
displaced by the wntei added lusts out tho India rubbtL and steel 
tnbiiigs There is plenty t f an in the jai so that no necoBbity occurs 
to bi saving when the tubes are nnsod tho eutbomiter is raised in 
tho mercury up to about 41 e e i irrying a column of mercury with 
it then tho two way stop cock is vtry carefully turned so as to 
admit the air to be analjaed whtoh is aspued by tho mercury as it 
subsides Thus some 27 c t of air are introduced The aspiration 
must be fairly rapid and the fall of mercury in the tube should be 
stopped by turning the stop oock before the mercury has quite 
reached its level m tho trough, otherwise there is a risk of a recoil of 
the mercury and a ‘pumping " which it is important to avoid The 
mxod gases are left undistuibed for two or three minutes and their 
volume is read off under atmospheric pleasure, the eudiometer being 
nex< movod up and down in the mercury by a few centimetres, so as 
to effect the perfect mixture of the gases The instrument is now 
slightly raised, carrying with it a shoi t column of mercury, and the 
gises are ignited by the electno spark nndor reduced atmospheric) 
pressure This mode of proceeding, recommended by McLeod,* 
weakens considerably tho violence of the explosion, and ensures per- 
fect safety Immediately after the explosion the gas in the eudio- 
meter is brought approximately under atmospheric pressure 
* McLeod On a new Form of Apparatus for (Hi Analysis/ ‘ Chem Soo 
Journ / 1869 
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A. slow contraction now takes plaoo as the heat produced hy tho 
explosion is radiated from tho instrument ; it is advisable to wait 
about twenty minutes, until the contraction is complete, and tho 
volume of the gas is road off under atmospheric pressure. 

The instrument should be sheltered from any draught, or from the 
direct radiation of a fire, and indeed lie kept from any ohango of 
temperature, and with that object I find it advisable to sholter it with 
a cardboard tubular shield sliding up and down tho merenry trough. 

If air taken directly from tho atmosphere is to bo analysed, in order 
to ensure its being saturated it will bo advisable to pass it through a 
tube full of wot horse-ltair, and obtain it directly from the tube into 
tho eudiometer. In tho above account of the manipulation required, 
the hydrogen is introduced before tho air into the eudiometer I 
have tried to let in the air first, but this plan was not successful 
apparently because tho mixture of air and hydrogen was incomplete 
before tho explosion Tho hydrogen being collected first in the 
eudiometer will rise from its comparative lightness as tho air is 
drawn in and mix with it perfectly, whilo tho stream is sufficiently 
rapid to prevent any of the mixture from diffusing out of the tube. 
It should be borne in mind that after a number of analyses tho water 
resulting from the explosions accumulates on tho surface of the 
mercury in tho endiometor, and tho mcTCiiry memscuB is no longer 
clearly seen. This can be easily avoided by drying tho tnbo with 
filtering paper after a curtain number of analyses The following are 
a few determinations of oxygon m atmospheiic air mado with tho 
form of eudiomoter described above. They ore not selected, but 
given in succession in the order in which they were mado. And I 
must here beg to record the valuable aid of my assistant, Mr. Charles 
F. Townsend, F.C 8., in the present inqairy. 


Oxygen per cent, in Atmospheric Air. 


First Series. 

21 01 
20-98 
2100 
20-07 
20-97 

Mean .. 20 99 

Greatest difference, 0 2 per cent. 


Second Series.* 

20 -94 
20 -93 
20 96 
20-95 
20 '93 
20-95 
20 96 

Mean . . 20 946 

Greatest difference, 0 # 14 per cent. 


On* analysis omitted : obvious!) too high from insufficient rinsing. 
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XIII “Theorems in Analytical Geometry” ByW H L 
RdbSHLL, 1 R.S. Received June 21, 1888. 

To determine the envelope of tho hr»t polar of any curve, whoa the 
pole moves on a given cm ve of tho thud older 

Let F (f, 7, £) as 0 be equation to the surface , then if p = 
q = r — pz + ]y + rt = 0 is the equation to fast polai, 
when (i, y, s) moves on a given cubic, 

n* + y* + + bmryz = 0 

Then diffci entiatmg 

(V + 2 myz) dt + (y 1 + 2nw.) d / + (*" + 2 nury) d* = 0 
pdx + //y +• »<ia = 0 

Then as usual 

** + 2myz = Xjj, 

y 8 + 2mjj = \q, 

* 8 + 2 mxy = Xr 

Then eliminating * by the equation to tho f» st jiolar wc have — 

Ax ! + Mzy + Oy* = p, 

D** + Ery + Fy 8 = q, 

0 x 8 ,+ H*y + Ky 8 = r, 

where A, B, 0 . are functions of j ?r, whose forms are imme- 

diately seen, and the oihitrary multiphu ir omitted because it will 
disappear in the hnal lesult then wo find at once the values of X s , ty 
and so r 8 , y 8 , and then foie of x, y, *, which we may substitute in the 
equation t> the polai, and so obtain the euvtlopo But wo may find a 
more symmetrical result thus eliminating as before by means of the 
equation to the polar — 

A'y 8 + B ye + C s 9 = p, 

D’y* + Ey* + F* 8 = q, 

G y 8 + H yt + K * 8 = r , 

and moreover 
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A"** + B"x» + C"z* = p, 

DV + E"x* + F"x» = q, 

0"** + H'.« + Z"i s = r 


Hence the equation to the envelope is — 

n _ J p(EK — HF 1+J? (1IG - 13 K) + r(BF - EC) 1 * 

P l A(EA -~HP) + D(HC - B K) + G(13F - EC) J 

, J p(E'K' - H'F) + 9 (H'C' - B'K') + r(IVF - E'C') ] * 

+ 9 1 A'(E 7 K r ^^S T E') + U\HC' - JJ'K') +"U\B , K' - E'C') J 

f J»(K"K" ~ H"F ") + g(H"C" - I3"K") -1- r(B"V" - E'TT) \ * 
l A"(E"K ' - H' 7 F") + D''(11"C" - B"K") + F K"C") J ' 

When the enrvo F u of tbo third order the first polai becomes a 
enrve of the second order, whteh is called the polur conic hot ns see 
what curve the polo must move 'on for the polai come to break up into 
two straight linos. Let — 

f (** + 2nujt) + tj (j/ 4 + 2 »«) + £(** + 2 m»y) = 0, 

or the oqoation to the polar conic. Thun 

a® + 2mai ^ y a + * m y x + — o, 

and that this equation may break np into factors 


*»» hi 


+ , 


- >/ + 2 my* 


h H‘ 


\s r s) \r 

most bo a square , or 

(^•_p)c +2m (er-i), + («-;f)»- 

most bo a square ; or 

or - m*(f* + + C*) + (1 + 2m«)f,r = 0, 

the equation to the Hessian. 

Hence the equation to the straight lines is of the form— 

* + m (y + y) = ± »«Q» 
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and therefore the line 

fr -f mift + m£y = 0 

must pass through the point of their intersection. So also must 
ny + «if.r + nwf = 0, 
f* + mi)X + wtf y = 0. 

The pole and the intersection of those two straight lines are called 
hy Dr Salmon corresponding points. Wlion I had proceeded thuR 
far, and had begun to make deductions from theso equations, I became 
acquainted with the existencoof a memoir by Professor Cayley on this 
subject in the ‘Phil. Trans’ for 1857. He has them given these 
equations without proof. I havo therefore demonstrated them exactly 
in the way m which 1 discovered them beforo I was acquainted with 
his papor, to which I refor for nltorior theorems. 

To determine the double tangents of a quartic. 

Let y = «w ■+■ a bo the equation- to a straight line entting tbo 
quartic. If this value of y bo substituted in tho quartic, the equation 
will become 

a-‘-P^+Q*> — Rr + S = 0, 

so that if a, ft, y, c bo the roots of this equation, wo have tho following 
equations : — 

* + (3 + -Y + « = P, 

aft + ay + at + fty + ftB + yd = Q, 

»fty + ayt + apt + ftyd = B, 
a/378 = s. 

Then for tho bilangonts a es ft, y ss 8, 

2 (a + y) = P, 
a s + 4.7 + 7* = Q, 

2*7 (« + Tf) = R. 

aftyt = a*7* = S, 

(« -h 7) 1 + 2a7 = Q, or ay =1 0- - 


and therefore 


W 

Pi 


S. 
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By meant of the two equations— 



since P, Q, R, S aie functions of m and a, we detetmmc the double 
tangents 

Wo may also use tho above oqn itions to dot* rmmo the two tau 
gentiale of any singlo tangent of a quiitio in the point whiro the 
tangent meets the ouive again In tins case we assume m, u, a as 
known, and we have — 

2 * + 7 + « = P, 

«* + 2m, + 2ml + 7 * = Q 

from which the co ordinates of the tangeutials may be determined by 
the solution of a quadratic equation 

We next proceed to find the equations which determine tho bitan 
gents of the quintic We substitute y = mx •+■ a in thb genual 
equation, and obtain (using the sami. notation) — 

« + 0 + 7 + * + M = P, 

+ «7 + «a + + fit t- Pp + + y/i + ty = Q, 

*P*t + aft* + app + «7* + *7i“ + •*/» + P l* + /%* + P<-H f 7*A — Bi 
mp^t 4- aPyp + »Pty + »7 e ,“ + $7*7* = S, 


ap^ = T 

Put m — P, 7 as i, then the equations bocome — 

2(- + 7) + /* ■ P, 

«» + 7* + 2(. + 7 ) /* + 4*7 = Q, 

2«*7 + 2*7* + (* 8 + 7*) n + = R, 

-V + W» H 7) * = S, -V/* = T 


« + 7 « ~~2 ’ 

(« + 7 + ^)* + 2«7 = Q + 

>* P^ , 3 « s 


2.7 = Q - T - T 
Henoe the remamiDg equations become— 
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:(Q .-_- + vy +(Q _^p- + v)(V)=s, 

We have to olirmnato ft betworn these throe equations the ro 
snltant between t juati »ns of tho thin! and fonrth order is given by 
S ilraon also the resultant betwt en two qnarties from which we may 
d( luce the resultant of a qnaitic and a qmutio The rosnlt will be 
ti mendonslj complicated but we must romember the number of 
d table tangents to a non sintruKi quintic is 120 which naturally 
sug*»oets an equation of the 120 th degree which I apprehend few 
m vthem it eians wool 1 lk t> solvo It is impossible however to 
pndiot tho fnture of analysis 

I havt omitted to take any notice in this paper of the modifications 
which w mil be occasimed by double points hoping if permitted, to 
return to the subject 

I wonll obsom in conclusion that the same method applies to tho 
determination of points of mil vion 11 us m the quarlio taking 
a /? 7 S fir tho ru< tsof tliotqnation prodncid 1 y eliminating between 
the qnartio and a straight line and putting « = /) = 7 »e find it 
easy to eliminate * and e and to find two equations which will give 
tho inflexional tangents 


XIV “On the D( termination of tho Photometric Intensity of 
the Coron il I iglit during the Sohr Eclipse of August 28-29 
188b Preliminary Notice ’ By Captain W DE W ABNEY, 
OB RE FRb , and 1 E Ihorpe, PhD, FRS 
Received Juno 21 1888 

Attempts to measuie the brightness of tho oorona were made by 
Piokenng in 1870, and by Langley and bmifcb independently, m 
1878 with the result of showing that the amount of emitted light as 
observed at various eclipses, may vary within comparatively wide 
limits These observations havo been discussed by Harkntss 
( Washington Observations for 1876, Appendix III) and they will be 
again disoussed in the present paper Combining the obw rvations it 
appears that the t >tal light of tho cor ma m 1878 was 0 072 of that 
of a standard candle at 1 foot distance or 3 8 times that of the full 
moon or 0 0000000 that of the snn It furthu appears from the 
photographs that the coronal light varied inversely as the square of 
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the distance from the sun’s limb Probably the brightest part of the 
oorona was about IS times brightei than the surface of the full 
moon, or 37 000 times fainter than the surfaco of the sun 
Tho instruments employed by the authors m tho measurement of 
the coronal light on the occasion of the silar eelipse of August 28-29, 
1886, wore three in number The first was construe ted to measure 
the comparative brightness of the eotona at different distances from 
the moon s limb Tho second was designed to measute tho total 
brightness of the corona excluding ns far a* possible the sky offeot 
r he third was mtonded to measure the bnghtntss of the sky in the 
direction of the eclipsed snn Tn all threo mt thods the pi inciplo of 
the Bunsen photometric method was adopted and m each the c>m 
panson light was a small glrwlauip pieviously standardised by a 
method already duonbed by qne of tho autbots in conjunction with 
General Jesting In tho first two methods the photometc r smen was 
fixed the intensity of the comparison light being adjusted by one of 
Varley s carbon lesistances m tlio thud the gbw lanp was mam 
tamed at a constant bnghtness tie positim of tic set eon being 
adjusted along a graduated photometer bni as in tho ordinary 
Bnnsen method hull details of the constinction of the aeveial 
pieces of apparatus will be gnen in the full papei 

The obsuvations dnnng the erhpie wire mad i at Hig Island — 
a small islet at the south end of Gi ena la in 1 it 12° 0 N an 1 I ng 
(>1° 43 45 W with the assistance of C aptain Archer and Lit ltenants 
Douglas and Baiinsfather of H M S 1 ant6me The duration of 
totality at the place of observation was about 230 seconds, but 
measurements were possible only dnnng ICO seconds, at the expua 
toon of which timo the corona was clouded over A careful discus. 
Sion of the three sets of measurements rendeis it almost certain that 
the corona was partially obscimd by haze dnnng the last 100 seconds 
that it was actually usiblo Stlecting the observations made (luring 
the first minutt whioh are p« iicc tly concordant the authors obtain 
bit measurements of the photomc tno mtt nsity of the coronal light at 
varying distances fiom the suns limb, fiom whioh they are able to 
deduce a first approximation to the law which connects the intensity 
of the light with the distance from the limb 
Tho observations with the integrating apparatus made inde- 
pendently by Lieutenants Douglas auil Baimsfather agree very 
closely It appears from their measuremi nts that the total light of 
the oorona in the 1886 oolipso was — 

Douglas 0 0123 standard candle 

Baimsfather 0 0125 „ 

Mean 

at a distance of 1 foot 


0 0124 
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In comparing those observations with those made dnring the 1878 
ecli|ise, it must be remembered that the conditions of observation on 
tho two occasions were widely different The observations in the 
West Indies were made at the sea's level, in a perfectly humid atmo- 
sphere and with the sun at no greater altitude than 19°. Professor 
Langley, in 1878, observed from the summit of Pike’s Peak in the 
Rocky Mountains at an altitude of 14,000 foet, iu a relatively dry 
atmosphere and with the sun at an altitude of 39°. 

From observations on the transmission of snnlight through tho 
earth’s atmosphere (Abney, ‘ Phil. Trans.,’ A, vol 178 (1887), p. 1151) 
ono of the authors lias developed the law of the extinction of light, 
and, by applying tho necessary factors, it is found that the intensity 
of the light daring the 1886 eclipse, as observed at Grenada, is almost 
exactly half of that of which would have been transmitted fmm a 
corona of the same intrinsic brightness wlion observed at Pike’s Peak, 
llenco to make tho observations of Professor Langley comparable 
with thosu of the authors, tho numbers denoting tho photometric 
intensity of the corona in 1878 must be halved. The result appears, 
therefore, that whereas in 1878 the brightness of tho oorona was 
0 0305 of a standard candlo at a distance of 1 foot, in 1886 it was 
only 0-0124 of a candle at the same distance Several of the observers 
of the West Indian Eclipso (including one of the authors) wore also 
present at tho eclipso of 1878, and they concur in tho opinion that tho 
darknesB during the 1886 eclipse was very much greater than in that 
of 1878. The graduations on instruments, chronometer faces, Ac , 
which were easily read in 1878, were barely visible in 1886. In 
explanation of this difference in luminous intensity it must not ho 
forgotten that tho 1878 eclipse was not very far removed from a 
period of maximum disturbance, whereas in 1886 we were approaching 
a period of minimum disturbance. 


XV. “ Seismometric Measurements of the Vibration of tho New 
Tay Bridge during the Passing of Railway Trains.” By 
J. A. Ewing, B.Sc , F.R.S., Professor of Engineering in 
University College, Dundee. Received Juno 20, 1888. 

The absolute methods of seismometry which have been developed 
during reoent yoars in Japan, and have been applied to the measure- 
ment of earthquakes there and elsewhere, may serve a useful purpose 
in determining the extent and manner of the shaking to which 
engineering structures are subject through storms of wind, moving 
loads, or other causes of disturbance. Existing forms of seismograph 
are well suited for measurements of this kind, provided the frequency 
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of the vibrp tions to be measured is neither veiy much greater nor 
very much lew than is usual m earthquakes, and provided, of course, 
the amplitude of vibration docs not exceed the oapacity of the m 
atiumeut For vibrations of high frequency a greater rigidity m tho 
multiplying and locouliug appar itua would bo net cssary m vibra- 
tions of vety long jieuod on the other huid, tho mass whose ineitia 
famishes the steady point of reference will not remuti at rest 
Between these » ’drums, however there is a wido range within 
which such scismogiaphs as are now used to mcasnro eaithquakes 
may be trusted to give a lecoid that is comet in all substantial 
paitieulais and the \ibtations to be lolerred 1 1 below fall within this 
range 

The wrilei has lecently employed Ins Duplex Ihndutnm Seismo- 
graph to examino the vibration of the new 1 1> Budge while railway 
trains aie passing out it facilities foi this examination having been 
kindly given by Mr Floteher F S Kelsey n sident i cpresentatwo of 
Messrs Birlow, the engineers of tho bridge The results aie jei 
haps woitb publishing not sj much foi any intei est they hwo in 
themselves as because they exemplify a novel method of inquiry 
which may prove of uso m othei easts to cngmeieis The duplex 
pendulum seismograph, which was designed for and applied to the 
measurement of earthquakes in Jajon in 1882,* consists essentially of 
a j air of masses which are supported and connected in such a manner 
that they form on astatio combination with fieedom to move m anv 
honxontal duection One of the two is hung from above and is 
stable , the other is supported from below and is unstable , and tho 
two aro constrained to move together by a ball and tnbo coupling 
rheir equilibrium is adjusted to be very nearly neutral, and this fits 
them to furnish a steady point with respect to which motion of the 
ground in any azimuth may be leconled and measured The motion 
is recorded by a lever, the marking point of which draws a magnified 
copy of the horizontal motion of the ground upon a smoked glass 
plate Fig 1 shows the construction of tho duplex pendulum seis 
mograph as used in those experiments, and as now made by the 
Cambridge Soientifio Instrument Company for earthquake observa- 
tories The stable mass is a disk of laid a castd m brass (shown in 
section in fig 1) hung by three parallel wn es from the top of the contain- 
ing box This tnfilar suspension has sevei al advantages over the usual 
suspension of a pendulum from a single point , in particular it prevents 
twisting about a vertical axis The unstable or inverted pendulum b is 
also a disk of lead below the other, and u held up by a tubular strut 
whioh ends in a hard steel point nesting in an agate socket in tbe 

* See ‘Transactions of the Seumological Society of JspaB,’ vel 5, p 69, or tho 
author’s memoir on "Earthquake Measurement " (' Memoirs of the Bewnoo 
Department at the University of Tokio,’ No 9, 1883) 

TOL XI1V 2 0 
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bus of the box A. a mall brass ball attached to the lower mm & fits 
easily bat without shake m a cylindrical hole in a, so that the two 
mast swing together The masses of a and b are proportioned, with 
respect to their distanoes from their lespective supports, so that the 
equilibrium of the compound Bystem is neai ly neutral, and by way of 
final adjustment the upper disk a may bo tnised or lowered by tain 
mg the pins at the top until the mai gm of stability is as small as 
may be wished The recording lever c is lit Id by a gimbal joint in a 
blanket d fixed to the side of the box, and capable of adjustment 
veitically and lion son tally The bottom of the lever is a ball which 
gears into the hole in a, and at the top there is a hinged index of 
straw with a noodle point to write tho letoid To reduoe friction, 
part of tho weight of the stiaw is borne by a spnng e The smoked 
glass plato f stands on a shelf which projects from one of the sides 
of the case, winch is a triangular box In the patiionlar instrument 
employed at the Tay Bridge, tho giound s motion was magmfied sir 
times 

The seismograph was set upon the giound in the bix foot way 
between the two pairs of rails at the middle of the length o! the 
southernmost high girder, at a distance of about lfr mile from the 
Dundee end of the bridge, and f mile from the Fife end The girdtis 
are there 245 feet long, and stand at a height of about 110 feet above 
the bottom ot the river and 135 feet above tho foundations of tho 
piers Between this and the Fife shore there aio 28 piers towards 
Dundee there are 57 piers, and at that end the budge forms a 
curve of 21 chains radius by which its direction is lamed through 
nearly a right angle as it approaches the shore * In this position 
observations were made while eight trains crossed the bridge Ihero 
was no wind, and, until a train came on, tho rccordiug index of the 
seismograph stood perfectly at rcefc 

As soon, however, as a ti am onto red the budge — from either end — 
the index began to move The movements wero stfiist so mmuto that 
it was difficult to estimate their range with any accuracy , allowing 
for the multiplication given by tho level, tho movement began with 
longitudinal shaking through something like T J 0 of an inch In the 
ease of trains < owing from Dundee this was transmitted round the 
bend of the budge and was noticed long before the tram had reached 
the straight part At first the movement was wholly longitudinal, and 
it was not nntd the tram had come muoh nearer that lateial ouedla- 
tion began to be felt The intei val by which longitudinal vibiations 
preoeded transverse vibrations was much greater than could be 
explained by difference m their velocity of tiansmisaion. Near the 
• For particulars of tho dimensions of tho bridge reference should be made to 
Mr Kelsey’s paper m the ‘ Proceedings of the Institute of Mechanical Engineers,’ 
August, 1887 
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source of disturbance (as one learnt later when the traui was passing 
the seismograph) the lateral movement was actually greater than the 
longitudinal it appeared thercfoie that longitudinal disturbance 
reached the instrument from grvate: distances than lateral dis 
turbance because it was tinnsmiltel along the bridge with less loss 
1 b the tiain came nearer lateral movements became snpei posed on 
the longitudinal ones and tlio index of the seismograph described an 
immense senes of irregulai loopB the range of which increased at 
tirst slowly and then qnickly to a maximum as the tram passed tho 
instrument Along with this progressive mtrease there was a penodio 
use and fall m amplitude tho beat cf which apparently agreed with 
the interval taken by the tiam to pass from piei to pier over sncees 
sive spans lb© last faint movements terminated abruptly when the 
tiain cle-ued the structure 

Tho vibrations weie too nnmerons to allow tho diagrams diawn by 
the seismogiaph to be at all lear and a bottei idea of the motion was 
to be got by watching tho index thin b) subsequent examination of 
the record 1 ig 2 reproduces two of the diagrams, and is sufficiently 
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representative of the rest As the figure is printed, the top and 
bottom are in the longitudinal dueotion of the bridge Of the two, 
the figure marked A was drawn first by a passenger tram coming 
from the south end after it had passed the seismograph and when 
the oscillations were again small it was observed that another tram 
bad entered the bridge from Dundee The glass plate was accordingly 
moved by band to a new position, and the second diagram (B) was 
obtained The movements were in general of the form of nearly dosed 
loops resembling elhpeea — showing that the periods of lateral and 
of longitudinal vibration did not differ greatly In the greatest 
movements the loops are much wider m the lateral than m the longi- 
tudinal direction The greatest lateral movement appears to have 
been about one-tenth, certainly not more than one-eighth of an inch , 
the greatest longitudinal movement about one-fourth of this. Thera 
were about three complete vibrations per second 
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The seismogiaph was afterwards set up just above the pier at the 
south end ot the span m the middle of which it had previously been 
standing and fne more iccotds wete obtaintl m the new position 
J xcept that the motion was somewhat lees the} had much the same 
characteristics as befoie Ihc following u tu> rcfei to the passage ft 
a slow goods trail from Dundee as observod from this position — 

30 40 Tram entered bridge minute longitudinal oscilla 

tion began 

32 0 Train entered straight portion of bridge 

33 0 Lateral oscillation began 

3b 0 Tram passed seismogiaph 

38 10 lail van of tram off bridge oscillation ceased 

In all seismometno work whether it be the measurement of earth 
quakes proper or of such shakings as these the ti ustworthmess of 
the recoid depends on the degree to which the prosnmed steady 
point of the instrument remains at rest duung a putracted dis 
turbanoe of the base The accuracy of a seismograph admits of 
easy experimental tost in the manner which the author descubed 
and illustrated when oommnnioating to the Royal Society an account 
of his Horizontal Pendnlum Seismograph for recording separate 
components of motion upon a moving plate * The test consists m 
placing the instrument npon a stand which may be shaken by hand 
and causing a true autograph of the motion of the stand to be drawn 
by an independently suppoited index, side by side with the rooord 
that is drawn by the seismograph itself Fig 3 shows how this test 
was applied to the instrument with which the Tay Bridge observa 
turns were made The seismograph was mounted on a stand wbioli 
was constructed to give it two degrees of fieedom of horizontal 
translation without freedom to lotate This was done by laying a 
pair of turned steel rollers parallel to each other on the top of a steady 
level table , a small drawing board rested on them on the top of it 
a second pear of steel rollers were laid at right angles to the pau 
below, a second small drawing board lay on them, and the 
instrument stood upon it Ihe upper board was then froe for 
translation in all asimnths, and was shaken by band so that it 
imitated the motion in an aotual earthquake A rooord of this 
motion was drawn by the seismograph index and beside it a second 
rooord was drawn by the lover and index g (fig 8) which was held 
by a gimbal joint in a stiff braoket h secured to the upper board, and 
took its motion from a true steady point t obtained by making the 
bottom end of the letdh in the form of a small ball socketed w e 

• On a new Seismograph ' Boy Soo Proc ’ vol 81, 1881 p 4t0 
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cylindrical hole in the broket j, which was firmly fixed to the 
(motionleM) top of the table. When the multiplication given by 
this lever g is arranged to be the same as that given by the seismo- 
graph the two records should be identical, exoept for error caused by 
tbo “steady-point” of the seismograph wandering through friction, 
or because of the stability of the suspended mass, and except for those 
errors which both the seismograph end tho testing lever are liable to 
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through backlash at the joints and want of rigidity in the lever and 
index arm. In practice the agreement between the records is most 
satisfactory. Fig. 4 gives examples of the result of this test as 
applied to the seismograph which was used upon the Tay Bridge, 
when the shaking was made to imitate such movements as the 


1888 ] of the Vibratton of the new lay Bndgt. 401 

ground executes in small and in large earthquakes Testa of this 
kind not only demonstrate the accuraoy of the seismograph, but are 
a convenient means of finding experimentally the ratio in which the 
recording index multiplies the motion of the ground 


Fio 4 — Companion diagram* to te«t accuracy of Duplex Pendulum Srumogrsph 

For an exhaustive examination of the vibration of a structure 
under ‘ live ’ loads, the more elaborate type of seismograph might 
be nsod, which records linear components of the motion on a surface 
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that is inored uniformly by clockwork The usual form of this 
instrument comprises two horizontal pendulums, for the two hoi 1- 
zontal components, and a third piece which is suspended astaticallj 
with freedom to move up and down only foi the vertical component • 
This arrangement employs u distinct mass and a distinct ' steady 
point ” with respect to each component The duplex pendulum may 
however, be modified, or rather supplemented, so that it records two 
components of horizontal motion separately (on a moving surfaoe) by 
attaching to ono or other of the bobs a pair of slot guides at right 
angles to the direction of tho two components, and pivottmg m these 
the short ends of a pair of i ecording levers, so that each lever will bt 
moved when the bob moves acioss the direction of the corresponding 
slot, but will not be moved when the bob moves along that direction 
This makes a compact form of two-component horizontal seismograph 
with the advantage that by retaining the oidinary index we have, in 
addition to the components, a plan drawn of the whole shaking Foi 
the vertical component it is convenient to have a distinct astatically 
hung mass But, as a sort of tour de force m astatio suspension, one 01 
other of the bohs of the duplex pendulum may be allowod to have a 
limited amount of vertical freedom, and may have its equilibrium 
made nearly neutral for vertical displacements as well as for bon 
zontal displacements Let the upper bob, for instance, be hung from 
a platform which is flee to rise and fall by rotating about a horizontal 
axis, and which is held up by springs By applying the pull of the 
springs in such a manner that the moment of tho pull about that axis 
is always nearly equal to the moment of the weight, wo may approach 
vertical astaticism as closely as may be wished, and, provided the 
movements np and down are not too great to interfere with tht 
proper geaiing of the bobs, the mass will then possess universal 
freedom of translation, with nearly neutral equilibrium for all 
directions of displacement In practical seismometry, however, it is no 
doubt advisable to restrict the freedom of the suspended mass to (at 
most) two degress 

The Society adjourned over the Long Vacation to Thursday, 
November 15 th, 


* 8m 'Tra m acUoni of the Seumological Society of Japan,’ rot 9 (1881), p 140 
ur Um author 1 ! memoir on “ Earthquake Measurement ’ cited above A oomplete 
three-component instrument u described in • Nature, wd 84, p 848 
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No 06 8vo Lonlon 1888 The Society 

Soc ety of Antiquaries Aroh®ologia Vol LI Part 1 4to 
Lon Ion 1888 Proceedings Vol XII No 1 8vo London 

1888 The Society 

Society of Arts Journal 1888 January to Juno 8v( 

London The Society 

Society of Chemical Industry Journal 1888 January to Juno 
8vo London lhe Society 

Zoological Sooiety Proceedings 1888 Parti 8vo London 

lhe Sooiety 

Mexico — Socicdad Cientifica ‘ Antonio Alzate Memonas 
Tomo I Num 10 8vo ihxico 1888 The Society 

Pans — Aoaddmio dos Sciences Comptes Rend us 1888 Janvier — 
Jmn 4to Pant The Academy 

Association Frangaise pour 1 Avancement des Sciences 
Session XIV Grenoble Session XV Nancy 4 vols 8vo 

Pant 1886-87 The Association 

Sociitd de Biologie Comptes Rendus 1888 Janvier — Jmn 
8vo Pant lhe Society 
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Transactions (continued) 

Society do G&ographie Comptos Rendon 1888 No* 1-11 
8vo Pant The Society 

Sooilte d’Lncouragemont poor 1 Industrie Nationale Bulletin 
1888 Janvier — Juin 4 to Pant , Compto Rendu dcs Stances 
1888 Janviei — Juin 8vo Porw lhe Society 

Society Fran^aise do Physique Resume des Communications 
1888 Janvier— Juin 8\o Pant lhe Society 

Soei^te Philomathique Bulletin Tome XIT No 2 8vo 

Pat it 1888 The Society 

Pesth — K Ungar Goologisoho Anatalt Jahrosbencht fur 1886 
8 vo Bu Input 1888 , Mittheilungon Bd VIIT Heft 6 8vo 
Budapitt 1888 , Foldtam Ko/lony Kotct XVIII h u/( 1 1-4 
8vo Budapest 1888, Ubei die Vei wondbaikeit der Rliyolitho 
fur die Zweeke del Kcramischen Industrie Von Ludwig 
Pctiik 8vo Budapest 1888 lhe Institute 

Philadelphia — Academy of Natural Sciences Pi oco< dings 1888 
Parti 8vo Philadelphia lhe Academy 

Franklin Institute Journal 1888 January to June 8vo 
Philadelphia lht Institute 

Rome — Accademia Pontifieia do’ Nuovi Lincei Atti Anno 
XXXVIII Sessionc 5 7 4to Amt 188b, Pioccssi vcibali 
Anno XLI Scssione 1-5 12mo Uoma 1888 

1 he Academy 

Reale Accademia del Lintu Rcndiconti Ser 4 Vol III 
Fasc 6-13 Vol IV Faso 1-4 8vo Rmt 1887 88 

1 lie Academy 

Shanghai — Royal Asiatic Society (China Btanih) Journal 
Vol XXII Nos 3-4 8vo bhanqhn 1888 The Society 
Stockholm — Kongl Vetcnahaps Akidcmu Ofvcrsigt Arg 45 
Nos 3 4 8vo btoclholm 1888 1 ho Academy 

Sydney — Lmnoan Society of Now South Wales Proceedings 
Vol II Pait 4 8vo byilney 1888 Abstracts of Pro- 
ceedings November, 1887, to Apul, 1888 8vo Sy Inry 

The Society 

Toronto —Canadian Instituti Proceedings Vol V Faso 2 
8vo Toronto 1888 , Annual Report, 1887 8vo Toronto 1888 
The Institute 

Turin — Reale Accademia delle Scicnre Mom one ber 2 

Tomo XXXVIII 4 to Torino 1888, Atti Vol XXIIJ 

Disp 6-10 8\o Toi w 1S87 88 The Academy 

Vienna — K Akadcmic der Wisscnschaften Anseigot Jahig 
1888 Nos 6-13 8vo IFten lhe Academy 

E K Geologische Reicbsarmtalt V erhandl ungen 1888 Nos 
6-7 8vo Wten The Institute. 



406 


PretenU. 


[Jane 21, 


Transactions (continued} 

Zunch — Allgememe Schweisinselie Natmfoisohende Gesollsohaft 
Neue Denk&oliriften Bd XXX Abth 1 4to Zurich 
1888 The Society 


Observations and Reports 

Beilin — Circulai znm Bcrlmoi Astronomiscben Jahrbucli 

January to Jnno 1888 8io Bohn 

K Punss Aksdemio du Wissensoliaften 
Brisbane — Meteorological Ofbco Dai'j Weathei Chaits of 
Anstralasia September 1887 to 1 tbrnaiy 1888 

1 lie Meteorological Repoiter Government of Brisbane 
Bucharest — Institut Meti orologi |ue de Roumanu Annales 
Tome II 188b 4to 7? icurrtci 1888 The Institute 

Coimbia — Observatouo di Universidade Obsei va^des Motooro 
logicas 188G-87 4to Coimbra 1887-88 

Ihe Observatory 

Dublin —General Register Office Weehl) and Quaiterly Return 
of Births and Deaths Tanuary to Jnno 1888 8vo Dublin 
Ihe Registrai General 
Dun Echt — Observatory Circulai Nos 1 »5— 'SO 8vo [Sheet] 
1888 The l arl of Crawford I R S 

Kew — Royal Gardens Bulletin of Miscellaneous Information 
1888 No 17 8vo London The Directoi 

Lisbon — CommiggJlo dos Trabalhos Geologieos de Portugal 
1 sludo sobre os Bilobites de Portugal Supplemonto 4to 
Lisboa 1888 The Commission 

London — Meteoiological Office Daily Weather Report January 
to June, 1888 4to London Weekly Weather Report 1888 
Nos 8-18 with Quarterly Summary 4to London, Monthly 
Weather Report 1887 March — Apiil 4to London 1888 
Ihe Offioe 

Madrid — Institute Geografico y Estadistico Mapa Topogrifico de 
Espafia Impel lal folio Madrid 1875 The Institute 

Melbourne — Department of MmeB and Water Supply The 
Gold-fields of Victoria Reports of the Mining Registrars, 
quarter ended 31st December, 1887 Folio Melbourne [1888 ] 
The Department 

Observatory Monthly Record November — December, 1887 
8vo Melbourne The Observatory 

New Haven — State Board of Health, State of Conneotieut Tenth 
Annual Report 1887 8vo New Eaten 1888 The Board 
Pans —Bureau des Longitudes Annuaire 1823-24 12mo 
Pant 1822-23 Sooi6t6 de Geographic 
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Observations dto (continual) 

Observatoire Rappott Annuol 1887 4to Pant 1888 

Thn Observatory 

Port Elisabeth — Chambt r oC Cjirnnerco Annual Rep nt 1887 
8vo Foil hluateth 1888 The Chamber 

Romo — Pontifleia Umvcrsita Giegonana ( or ( nuaziono del Bnl 
lettmo Moteorokgiw Vol XXVI Nnm 11 12 4to K mi 
1887 Tlio ObReivatory 

8anlrancweo — ( alifoinia State Mining Buienu Seventh Annual 
Report 1887 8vo bacram nto lb88 The Bureau 

Upsala — Obeen itorn Meteor >1 pi jue Bulletin Mcnsuel Vol 
XIX Annoe 1887 4to Upsal 1887-8b 

iho Obscn atorv 

Utrecht — k Nelerlandscli Meteor ologisch Institut Uithimsteu 
van Wt tensclup en krvanng 18 j 7 59 18(3 4tj Utncht 
with sundiy otha publications oi the Imtitnto in Ito anl 
filio Ihe Mete oi il gual Offit Lendin 


Journals 

American Chemical Journal Vol X Nos 1-3 8vo Haiti oi 
1888 1 he Editor 

Amencan Journal of Mathematics Vol X Nos 1 3 4to 
Baltimore 1887-88 The hditois 

Amencan Journal of Philology V )1 IX No 1 8vo Biltxmore 
1888 1 lie kditoi 

Amencan Journal of Science Januaiy to June 1888 Bvo New 
hawn Ihe Lditors 

Analyst (The) January to June 1888 Bvo Land n 

The Lditoi. 

Annalon der Physik und Chemie 1888 Nos 1-6 8vo Leipzig , 
Beiblattoi 1888 Nos 1-5 8vo Leip ig 1888 

Tho Editor 

Annales des Mines Ser 8 Tome XII Livr 6 8vo Jans 1888 
1 cole des Mn.es Pans 

An-nola 0 f Mathematics Vol III Nos 4-0 4to OharlottesmUe 
1887-88 University of Virginia 

Aaolepiad (The) Vol V No 18 8vo London 1888 

Ur Richardson, F R S 

Astronomic (L’) Janvier — Join, 1888 8vo Pans 

Ihe Editor 

Athenaum (The) January to Juno, 1888 4to London 

The Editor 

Builder (The) January to June, 1888 Folio London 

The Editor 
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Journals (continued) 

Bullettino di Bibhografla e di Stona delle Soienze Matematiohe n 
FiRiohe Tomo XX Agosto— Settombre, 1887 4(0 Roma 

The Punce Boncompagni 
Canadian Record of Science Vol III ho 2 8vo Montreal 
1888 Natural Histoiy Society, Montreal 

Chambei of Commerce Journal January to Juno, 1888 4to 
Lon Ion London Chanilx r of Commerce 

Chemical News January to June, 1888 8vo London 

Mr W Crookes, FRS 
C osmos Janvier — Join, 1888 8vo Pant M 1 Abbe Valette 
Ldncational Times (The) January to June 1888 4to London 
The College of Preceptors 
Llectucal Engineci (The) Januaiy to June, 1888 I olio Lrndon 

The Editor 

1 lcctrical Review (Tho) Januaiy to June, 1888 Folio London 

The Editor 

Llectucian (The) January to June, 1888 loho Londcn 

Ihe Editor 

Industiies January to Juno 1888 Folio London 

lhe Editor 

Meteorologmhc Zeilschnft J mum— J uni 1888 Small folio 
Hahn Oesterxeiohische QesellHchift fur Meteorologic 

Moishoi 8bornik Januaiy to June, 1888 8vo S t Pelershwg 
Compass Obsoivatory Cronstadt 
Naturalist (Tho) Nos 154 51 8vo L nhn 1888 

The Editors 

ISature Januaiy to Juno, 1888 Royal 8vo London 

The Editor 

Now Yoik Mi dieal Jomnnl Januaiy t ) June, 1888 4to New 
Ynl IhoEditoi 

Notes and Quones January to June, 188o 4to London 

The Editor 

Observatoiy (Tho) January to June, 1888 8vo London 

Tho Editors 

Revista ile Minos Num 2-4 8vo Jlojda 1888 

The Editor 

Revue Intel nationalo de 1 Tjectnufce Janvier — Join, 1888 8vo 
Pant Tho Editoi 

Revue Medico Pliai maceutique Annce 1 Nos 4-5 4to Con- 
stantinople 1888 The Editor 

Scientific News January to June, 188b 8vo London 

Tho Editor 

Stazioni (Lo) Sponmcntah Agiane Italiaue Yol X1Y Faso 2. 
8vo Roma 1888 Prof Freda 
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Journals (continued) 

Symons a M jnthly Meteorological Magazine January to June 
1888 8vo London Mr Symons FES 

Zeitachnft fur Biologie Bd XXIV Heft 3 8vo iftinchen 
1888 The Editors 


Brodie (Rev P B ) On the Range Extent and Fossils of the 
Rhaetio formation in Warwickshire 8vo Wane ck [1888] On 
the Discovery of a New Species of Fish 8vo Warvicle [1888] 
The Anthor 

Chadwick (Edwin) OB [A senes of pamphlets on Education Sam 
tary Science Local Government Ac ] 8vo London 1857-88 

The Anthor 

Dallas (W L ) Memoir on the Winds and Monsoons of the Arabian 
Sea and North Indian Ocean 4to Calcutta 1887 

The Author 

Dawson (Sir J W ) FES Modem Science in Bible Lands 8vo 
London 1888 The Author 

Engelmann (G ) Botanical Works Fdite^ by W T release and 
Asa Gray 4to Oambnd je Matt 1887 

Mr Henry Shaw St Louis 

Gnmaux (F ) Lavoisier 1743-1784 8vo Pant 1888 

Prof E Gnmaux 

Hnygens (C ) GSuvres 0 impl&tes de Christiaan Hnygens Tomo I 
4to La Haye 1888 Socictc Hollandaue des Sciences 

Jones (1 R ) FRS and C D Sherbom On some Ostracoda from 
the Fallon Earth Oolite and Bradford Clay 8vo [Bath 1888 ] 
The Authors 

Martone (M ) Dimostranone della Trasocndenxa del Numero 8vo 
Napoli 1888 Nota ad nna Dimoatra/ione di on Celebre Teorema 
del Fermat 8vo Napoli 1888 The Anthor 

Soott (A ) and L Atkinson A Short History of Diamond Cutting 
12mo London [1888] The Anthor* 

Vial (E ) La Ramie ot son Trmtement 8vo Pom 1888 

The Anthor 

Wimahurst (J ) Electno Influence Machines 4to London 1888 

The Author 


m xliy 



410 


Mr H Blanford The Diurnal Barometric 


“On the Relations of the Diurnal Barometric Maxima to 
certain critical Conditions of Temperature Cloud, and 
Rainfall ” By Henry T Blanford, FBb Received 
March 30, — Read M ly 3, 1888 

It is not my purpose in this paper to discuss the general problem of 
the diurnal barometric variation It is certainly a very complex 
phenomenon, and one of which no satisfactory analysis has yet 
been made The atmospheric stress (whatever be itB natnro) that 
originates the oscillation, is followed by movements which alter both 
the vertical and horizontal distribution of the gravitating mass and 
the striking differences that characterise the dinmal curve of 
pressure on mountain peaks, plains and valleys, and on tho ocean as 
oompared with the land are doubtless due in a largo measure to these 
resulting redistributions of the mass 

Amid all the recorded variations of the oscillation as a whole, the 
feature that displays tli^ greatest constancy is the ooonnenoo of a 
maximum m some hour of tho forenoon, and of a second maximum 
one or two hoars before midnight The exceptional cases m which 
these two critical phases are much shifted from their normal positions, 
are hut few, and may probably all be explained by gravitation effects 
being snpernddod to the normal semidiurnal oscillation 

One of the most anomnlons forms of the dmrnal oscillation yet 
recorded is that given by Professor Mohn, for the North Atlantio, 
between latitudes 02° and 80°, m the summer months * Tho general 
form of this pi ensure curve is similar to that of the dmrnal tempera 
tnre curve It falls to a minimum in the early morning hours, and 
rises to a maximum botween 1 h and 3 h 30 m pm Bnt of the three 
curves for different years and latitudes given by Professor Mohn, two 
■how, as a subordinate feature, a small rise to a secondary maximum, 
between 10 and 11 pm, and two an irregularity m the moi ning nse, 
such as wonld result from a small wave with a maximum about 7 or 
8 A m , in combination with the principal oscillation of twenty four 
hours' period At Chnstiama and Upsala the phases of the single 
period oscillation are reversed, the maximum being in the night, the 
minimum in the day, bat the semidiurnal element exhibits characters 
similar to those of the North Atlsntio curve 
This comparative constancy of the semidiurnal element of the 
oscillation, whtoh was originally pointed out by Lamont,f seems to 
indicate that it depends more directly on the action of the son than 

• Norsks Nordhavi Expedition,' 1676-1878 
t SitSiwgsber d Baysruoh Aksdsmie,' 1803, rol 1, p 89 
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does the diurnal element, and that its explanation is a first necessary 
step to that of the whole phenomenon The object of the present 
paper is to draw attention to the approximate coincidence of its 
maximum phases with certain ontioal phases of temperature, cloud, 
and rainfall, whioh may at least help to throw some light on its 
physical causes 


Forenoon Maximum 

It was noticed independently by Espy, in 1840 * Davies, in 185**,+ 
and Krul, in 1861,+ that the forenoon maximum of tho barometno 
oscillation approximately coincides with the most rapid use of tem- 
perature, and each of these writers attributed the nse of pressure to 
the reactionary effect of tho heated and expanding atmosphere The 
only data, howevei, given by any of them in support of tho state 
ment are the horary variations of tho temperature and pressure at 
Prague, by Kreil, and a rough diagiam of the diurnal curves nt Padua, 
by Davios, and shortly after the publication of Kreil’s paper, the subject 
was very fully discussed by Jjamont, in the papei already referred 
to in the ‘ Sitsnngsbcrichte ’ of the Bavarian Acadomy, wheiein he 
showed that, on the ordinal y assumption that the atmosphere is fioe 
to expand in a vertical direction against no other resistance than the 

static prc8nu.ro of the superincumbent mass, the snpposed reactionary 
effeot would be inappieciable 

Since the publication of Lamont 8 paper, I am not aware that any 
physicist has paid further attention to the hypothesis in question, or 
thought it worth while to appeal to further evidence in verification 
of the observation on which it is based, until qu’te recently But in 
1876, in notioiug the subject of tho baiometno oscillation in the 
1 Indian Meteorologist's Vade Mecnm,’ it occurred to me that Lamont’s 
assumption that the atmosphere is fiee to expand vertically, lifting 
the superincumbent mass, is subject to an important modification 
whioh may greatly alter the conditions of the problem as contemplated 
by him 

These conditions take no account of the resistance to expansion 
that must be opposed by the highly attenuated but extremely cold 
external atmospheric strata of great but unknown thickness, the 
existence of which is proved by the phenomena of luminous meteors 

If a sheet of the atmospheuo onvelope, of indefinite honcontal 
extent, resting on the earth’s surface, be heated and charged with 
vapour, the first effect will be an morease of its elastio tension, which 
will be relieved by a wave of elastic compression transmitted to the 

• ‘ Bnt Amoc Hep,’ 1840 Part II p W 
t ‘Edinburgh Phil Journ ’ rol 10, 1880, p IS# 

J ‘Wien Aksd Sitsnngsber ,’ vol 48 (Abtii S), p 111 

2 h 2 
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overlying strata Haring regard to the slow rate at which this ware 
w generated the rise of temperature, even in snch a climate as that 
of Northern India, not exceeding e ° or 6° m the honr of moat rapid 
heating, equivalent to an morement of less than r^th of the initial 
pressure, it appears to me that the rate of propagation will be Benmbly 
that due to half the height of a homogeneous atmosphere, or a little 
more than two thirds the rate of the sound wave This rate will be 
ooutmually retarded as the wave advancee through the loftier and 
colder strata being proportional to the square root of the absolute 
temperature of each stratnm And it will depend on the thickness of 
the atmospheno sheet heated, the amount of the heating, and on the 
thickness and temperature of the cold external strata, whether the 
retordatioh may not be such as to allow of the tension of the lower 
strata becoming such as is indicated by the barometer at the time of 
the forenoon maximum Undei such circumstance#, the instant of 
maximum pressure should coincide with that of the most rapid nse 
of temperature aud vapoi isation 

I do not think that om knowledge of any of these fundamental 
Conditions is snch as to justify a rejection of the hypothesis on a prior* 
grounds, and it may therefore be worthy of inquiry how far it is m 
accordance with verifiable observation At Calcutta, the &tmospheno 
pressure at 9 b 30 m n is about jfath greater than at the time of 
the morning minimum an moiease which would be produced by heat 
ing the air in a closed vessel leas than 2° A ret&idation of about 
half an honr in tho dissipation of the increased pressure produced by 
heating and evaporation would suffice to produce the observed effect 

Dr Sprung, in his admirable man till, the * Lehrbuoh der Meteoro 
logic, published m 1885, has referred to the above hypothesis,* and 
has tested the coincidence of the critical phaaoa of temperature and 
pressure by the summer results of the hourly observations and auto- 
graphic registers of the Prague Observatory, from 1842 to 1861, 
which have been recomputed by Professor Augustin The result of 
this test appears to be satisfactory At Pragne, on the mean of the 
summer months, the forenoon barometno maximum occurs a little 
after 8 am, and nearly coincides with the most rapid nse of tempera- 
ture t 

In India there is no station at which the forenoon maximum falls 
at so early an hour at any season , but at Yarkand and Kashgbar, 
according to Di Scully s valuable observations, in the summer, it 
occurs even earlier than at Pragne, while in the winter it is as late as 
the mean epoch at Calontta It is true we have only fifteen senes of 

• op nt p 336 

t At oompnted from the figures given by Dr Sprung, by the application of tbs 
raetnod of differences (ms footnote below), the barometno maximum occurs 
nineteen minute* later than the instant of most rapid ha s t i n g 
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hourly readings for the winter months, November to Febnury, taken 
at intervals of seven or eight days, and bnt eight senes for Jane and 
July, bat bo regular is the march of the diurnal venation both of 
temperature and pressure in this climate, that even these suffice to 
show the distinctive characters of the curves at both seasons The 
observations have been published at length in the first volume of the 
‘Indian Meteorological Memoirs ’* To eliminate small irregularities, 
corrected hourly values have been oomputed from these by meanB of 
the harmonic formula A very exact determination of the cntioal 
phases cannot of course be expected from such data, but according to 
the method of computation adopted t the epochs of the forenoon 
pressure maximum and of most rapid heating are as follow at the two 

Max rise temp Bar max 

Winter months. ... 9h 38m is 9 h 36 in a m 

Summer months . 7 h 56 m „ 7 h 38 m „ 

* Op rtvol at ,p94,rtt*j 

1 Throughout thu paper the t me of raoet rapid heating hai been determined in 
the following manner m general from the nnoorreoted meani of the obeerrationi 
which, for the rea»on» ehown by Dr Bergsma (' Batana Mag and Met Ob* rol 1, 
p xvu) and in siootdanoe with mj own experience and that of other Indian 
meteorologuU, if the observation! are sufficiently extensive, are more trustworthy 
than the so called corrected value* obtained by computing them from three or four 
terms of the harmonic formula 

The instant of most rapid rise of temperature may be ascertained by twioe 
differentiating for the value* of t the formula which expresses the temperature » a* 
a function of the time t, and putting 



The most convenient formula for this purpose is that of the method of difference* 
employed by Dr Jehnek for obtaining the approximate time* of the m a xim u m and 
minimum phases of temperature, pressure, Ao On taking the Hurt, seoond and 
third difference* of the temperatures at the clock hours, two before and two after 
the instant of moat rapid rise, the hour in which this oocurs is shown by the change 
of algebraioal sign of the seoond order of differenoe* Denoting that which pro 
osdes this ohang* by t, and the differenoe* of the first and third order next follow 
mg in order of sequence by A' and A , the seoond differentiation of the formula 


+ 4*JK=2a > + 


neglecting the higher terms, gives 


whence 



which value of t reckons from the olock hour corresponding to A The epoch thus 
obtained hu an error of a few minutes only, and is quite accurate enough for the 
present purpose 
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Considering the character of the data and the method of computation, 
this olose coincidence m the winter months must be regal de<l as m 
some degree fortuitous 

In order to test the hypothesis more thoroughly, I have selected 
four stations, the data for which are more ample, and thoroughly 
trustworthy, viz , Bombay, Calcutta, Batavia, and Melbourne , and m 
the case of the last three, I have compared the critical phases in 
question for every month of the year 

The data for Bombay are taken fiom Mr C Chambers’s volume on 
the Meteorology of the Bombay Presidency The barometno data for 
Calcutta are extracted from vol 1 of the 1 Indian Moteorologioal 
Memoirs,’ and as I have not the corresponding thcrmometnoal data 
at hand,* !t have substituted those obtained from the measurements of 
the Aliporo photographic traces for the six years 1881-1885 These 
latter relate, therefore, to a different and later senes of years, and are 
furnished by a different observatory, but this is hardly a matter of 
importance The Batavian data are taken from the first volume of 
Dr Borgsma’s ‘ Magnetical and Meteorological Observations,’ and 
have been derived from the hourly readings of three years , and the 
Melbourne data are from Dr Neumayer’a discussion of the observa- 
tions of the Flagstaff Observatory They extend over five years 
The results are shown in the following table — 


Bombay 

Mai rise temp Bar mar Interval 

April to September, mean 7h 45 m is 9h 4dm in lh 58m 
October to March „ 7 h 53 m „ 9 h 31 m „ 1 h 38 m 


• Since the reading of the paper before the Society I ham received from 
Calcutta the mean value* of the horary readings of the thermometer, corresponding 
to thoee of the barometer here dealt vith See appended note at the end of the 
P*P« 
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From thu table it appear* that only m one or two of the winter 
month* at Batavia and Melbourne doe* the forenoon maximum of 
pressure coincide so nearly with the moment of moet rapid heating 
a* at Prague and Yarkand In all casoe, except in the midwinter 
month* at Melbourne the former follow* the latter by an interval 
which average* 31 minutes at Melbourne, 35 minute* at Batavia, 
1 hour and 8 minute* at Caloutta, and 1 hour and 48 minutes at 
Bombay But it u to be notioed that, at all the stations, this interval 
is shortest in the wintei and greatest m the summer It u true that 
the computed temperature epoch* may be 10 minutes or so in error, 
owing to the merely approximative character of the method adopted, 
and that, for an hour or more afterwards, the change m the rate of rue 
u very small, not exceeding a few tenths of a degree per hour, but 
the retardation of the barometric maximum u too systematic to bo 
explained away by any such considerations There are, however, 
other* of a very obvious character 

Ihe hypothesis attributes the increase of pressure m the forenoon 
to the mean increase of tension in the atmosphere up to a very great 
height, not to that of the lowest stratum only And since thu latter is 
heated much more rapidly than the higher strata, and that, owing to 
variations m the character of the earth a surface, the rates of heating 
in contiguous areas of the lower strata themselves vary indefinitely, 
the convective movements which are set up in consequence prodnoe 
innumerable small modifications in the form of the local temperature 
curves, which will to a great extent eliminate each other when a 
mean is taken of those of higher and lower strata , and the general 
form of thu curve for the greater mass of the superincumbent 
atmosphere must be much more constant than that dednoed from the 
thermometer readings of our observatories Generally, as was 
assumed by Lamont in his duousoon of the problem, the critical 
phases of the former will be later than those of the latter Thu 
retardation will be greatest where the diurnal range of temperature 
u greatest, and especially at such mtertropical stations ss Bombay 
and Caloutta 

The diurnal march of the temperature at such an observatory as 
ihe ColAba Observatory at Bombay, must be influenced in a high 
degree by the local influx of cooler air from tbe neighbourhood 
Situated ou a narrow point of land, and surrounded, in all directions 
bat one, by many mile* of sea, the atmosphere u scarcely ever calm, 
and a wind from any quarter other than between north and north- 
we*t oome* directly from tbe sea oloee at hand, tbe movement of the 
air increasing with the rue of temperature To thu circumstance, in 
all probability, it u dne that thu rue undergoes a slight check at an 
earlier hour than at any of the other stations It u very slight, as u 
shewn in ths following table, which gives the amount of the rue for 
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each hour from 6 ax to noon in each half of the year Bat it a 
sufficient to explain the early occurrence of ita maximum 

Hourly Change of the Forenoon Temperature at Bombay 

Hour 6 to 7 7 to 8 8 to 9 

Apnl to September. . +0 9 +12 + lldegFabr 

October to March .. +0 5 +21 +1 9 „ „ 

Hour ... 9 to 10 10 to 11 11 to noon 

Apnl to September . +0 9 +08 +0 7 deg Fahr 

October to March .. +18 +17 +1 7 „ 

At Calcutta, Batavia, and Melbourne, the observatories are 
sufficiently far from the sea to excludo the supposition that they are 
subject to its inflnenco in anything like the same degree as Bombay, 
but at all of these the temperature must be influenced by oonvection, 
whioh is most active in the summer months, and, as already 
remarked, it is at this season that the instant of moat rapid heating 
precedes the barometric maximum by the longest interval In 
oertam of the winter months, vis , August at Batavia, and May and 
Jnly at Melbourne, the time of most rapid heating, and that of the 
barometric maximum are as nearly coincident as at Prague and 
Yarkand , and in Juno, at Melbourne, the latter appears to anticipate 
the former by about half an hour Of this opposite anomaly I am 
not prepared with any explanation More than one circumstance 
might be imagined m the local conditions of the observatory which 
would retard the instant of greatest rise, bnt without searching 
inquiry and examination on the spot, any suggestion would be mere 
run surmise. I may, howevor, notice that the June curve of 
temperature departs from the ordinary parabolic form in a manner 
that points to the existence of some local irregularity, and that similar 
irregularities are noticeable in other parts of some others of the 
monthly curves 

As a final conclusion, if these data, when subjected to the rigorous 
test I have applied, do not give strong support to the hypothesis, 
neither do they, with the single exception just mentioned, show any 
discrepancy whioh is not susceptible of a simple and probable 
explanation, and the single exception is one which might also 
prooably be explained, wore the requisite information available 

Evening Maaimum 

The tendency of the skies to cl oar after sunset in settled weather 
has been noticed by many wi iters, even in the irregularly variable 
climates of Europe, and in India it is most striking at all seasons of 
the year The cloud registers of nearly all stations at which hourly 
observations have been made, show a strongly marked minimum 
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between sunset end midnight, the average hour being about 10 m , 
and some show a second subordinate minimum about 9 or 10 A m 
T he cloud curves for Allahabad given by Mr S A Hill on Plate 
28, vol 1 of the ‘ Indian Meteorologioal Memoirs,' exhibit both these 
minima in most months of the year, that of the evening being the abso- 
lute minimum of the twenty foui hours On the average of the year, 
the mean proportion, at 10 p m , is 2 52 (on tho 0 to 10 soale), that of 
the twenty four hours being 3 10 the deficiency therefore is more than 
one sixth The cloud curves of Melbourne given by Dr Neumayer also 
show that, in every month except November, the diurnal minimum of 
oloud is betwoen 7 h 30 m PM and 1 h 30m as , and, on the mean 
of the whole year, it occurs at 9 h 44 m r u At this hour, the mean 
proportion is 5 55, the genoral mean of the twenty-four hours being 
6 56 so that, here also, the deficiency amounts to one-sixth of the 
average At Bombay, the absolute minimum, according to Mr 
Chambers g table, occurs at 8 and 9 p v , and the deficiency is one-ninth 
of the general average 1 he mean diurnal oloud curves of Allahabad, 
Melbourne, and Bombay, for the average of the whole year are given 
in figs 1, 2, and 3 



Maxv} %a and ctrtoin Condition of lemptraturt, fa, * 419 



More striking than any of those is the cononrrent evidence afforded 
by the diurnal variation of the Calcutta rainfall. Two series of data 
have been published ; the one based on hourly observations of the occur- 
rence of rain during twenty-one years,* the other giving the results of 
•even years’ records of a self-registering rain-gauge.t whioh affords 
measurements of the quantities that fell in each hour as well as on 
enumeration of rainy hours. The two series are generally accordant, 
and exhibit a diurnal fluctuation of a remarkably pronounced 
character. This differs at different seasons of the year, as might 
indeed be anticipated, and it is in the rainy season, when the air is 
• ‘AstatSoo. Bengal Jonm.,’ roL 48, 1879, Part H, p. 4L 
t ‘ Indian Meteor. Mem.,’ toL i, p. *8. 
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nearest to saturation, that the forenoon and late evening minima are 
most strongly developed. The nnmerioal reenlte of thie season, 
afforded by both series, and also those of the whole year, are given 
in the following table, and, in parallel columns, smoothed values 
obtained by the fbrmula 

, , _ a + 86 + e 

b = 4 ' 

where a, b, and c are the observed values for any three consecutive 
hours, and b' the smoothed value of the middle term. The ourves 
afforded by the latter for the seven-year series are represented by 
figs. 4 and 5. 
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In the nuny season there were 2929 rainy hoars in the seven years, 
giving an average of 122 for eaoh hoar of the day Bat for the hoar 
between 10 and 11 r m there were bat 78 inBtanoes of rain, or bnt 
two thirds of this average, and from 8 to 9 a M bat 91 instances of 
ram, or three fourths of the average The deficiency m the quantity 
of the rainfall was oven more striking The average per hour of the 
day was 12 81 inohes, bnt the recorded amount for the hoar between 
10 and 11 pm was only 4 76 inches, or less than two-flftha of the 
general average, and that from 9 to 10 A u was 8 46 inches, or little 
more than two-thirds 

Another equally striking example of the approximate coincidence of 
interruptions of the rainfall, about the time of the diurnal maxima of 
pressure, is afforded by Batavia, on the evidence of ten years’ legiatera 
of the hontly rainfall, published by Dr Bergama in the 3rd volume 
of the ‘ Batavia Observations.’ Here also, it is only the rainy reason 
(December to January) that exhibits this foatore in a very decisive 
manner, and the coincidence is the more remai table, smoe, in another 
respect, the dinrnal variation of the rainfall of Batavia stands in 
marked contrast to that of Caloutta At Calcutta the greater 
proportion of the rain falls in the daytime, at Batavia at night 
The percentages were respectively as follows — 

0*1 salt* B*t*yu 

From 6 A M to 6 p K .... 60 3 per cent 47 8 per cent 

From 6 pm to6 AH ... 39 7 „ 62 2 „ 

And the Batavian maximum follows the minimum within four hours, 
in the proportion of 5 to 2 The following table gives the total 
rainfall in millimetres, reoorded at eaoh hour of the day of the three 
nuny months during the ten years 1866-1875 (Sunday exoepted), and 
in a parallel oolnmn the smoothed values computed as in the former 
case The curve, fig 6, is drawn from these latter figures 


Total Hourly Rainfall at Batavia (December to February), ten years 





Mamma and ceriaxn Condition* of Temperature, do 428 

The general average of all the hours >■ 412 mm per hour, but the 
quantity recorded between 9 and 10 pm u only 231 mm , or little 
more than half, and that between 10 and 11 a m 288 mm , or little 
more than three fifths of this average It is to be observed that the 
forenoon minimum of Batavia falls an honr later than that of 
Calcutta, whereas the evening and principal minimum is an hour 
earlier This is exactly what might bo expected from the oombina 
tion of a double diurnal oscillation with one of smglo period the 
latter having its maximum in the former case at night m the latter 
in the daytime 

The Melbourne houily rainfall tables show great variations in 
different months and admit of very little definite conclusion exoept 
that, as at Batavia, theie is more rain at night than in the day It 
is then only in the warm and neaily saturated atmosphere of Bengal 
and Java, in their respective rainy seasons, that those diurnal inter- 
ruptions of the lainfall about the hours of the two barometric 
maxima are decidedly manifested But in these two oases they are 
most marked, and this oucnmstance, taken in conjunction with the 
corresponding cloud variation which is shown by so many stations, 
points strongly to a can sal connexion between the dmrnal variation 
of pressme and the condensation of atmoHphenc vapour in the olond 
forming strata of the atmosphere, which, I think we can scarcely fail 
to recognise 

The mere fact that an increase of atmospheric pressure from what- 
ever cause arising is accompanied with a dissipation of cloud and a 
diminution of rainfall, would not perhaps call foi spooial remark 
But it is to be observed that whereas the nocturnal barometric maxi- 
mum, at all the stations hero dealt with, is less pronounced than that 
of the forenoon, tho concomitant effects in the dealing of the atmo 
sphere and in the oheck m the rainfall are much greater in the former 
ease than in the latter They seem to point to a forcible compression 
of the atmosphere, and dynamic heating of the oloud forming strata 
And some such temporary effect docs not seem impossible even at a 
time when the earth s surface and the air immediately in contact with 
it are ooolmg rapidly Moreover tho temperature omves of Pi ague, 
Calcutta, and Batavia all show a very slight irregularity about 10 p m , 
which indioatea a slight oheck in the fall of temperature about that 
hour greater than takes place either in the preceding or subsequent 
hour, and whioh may possibly be the manifestation of snoh an action 
in the lowest atmospheric stratum Slight as it is, the fact that it 
occurs at the same hour in all those ourves, and that it coincides with 
the evening pressure maximum and the strongly marked minims of 
cloud and rainfall, is at least significant 

When we tabulate the differences of the first and second orders of 
the hourly means of the original observations, at the three stations 
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specified, it is found that the second difference corresponding to 10 F M , 
-with a positive sign, has a greater numerical value than either of 
those preceding and following it, instead of an intermediate value, as 
-would be the case if the fall of temperature after sundown were 
decreasing uniformly In the following tables, the figures for Prague 
and Batavia represent hundredths of a centigrade degree, those for 
Calcutta hnndrodths of a Fahrenheit degree The figures for 
Calcutta arc derived from only six years' autographic traces, those 
for Prague, apparently from eighteen or twenty years’ observations 
and traces, and those for Batavia from ten years’ readings of a 
standard thermometer No correction has boon applied to the means 
of the observations as recorded 

Praguo (summer) 

Honrs, fk 7 to 8 to 9 to 10 to II to mid 

Aj Change of temperature —115 —94 —85 —53 —44 

A, Change of rate of fall . +21 +9 +32 +9 

Calcutta (year) 

Horn b, pu 5to6to7 to8 to 9 to 10 to 11 to mid 

A 1 Change of tempera- 
ture -145 -248 -215 -111 -87 -61 -54 

Aj Chango of rate of 

fall -103 + 33 +104 + 24 + 26 +7 

Batavia (year) 

Hours, ph 5to6 to7 to8 to9 to 10 toll to mid 

Aj Change of tempera- 
ture -79 -76 -55 -41 -36 -27 -27 

A, Change of rate of 

fall +3 +21+14+5 +9 0 

The only further point of some significance, to which I have to draw 
attention, is that the hour of the evening barometno maximum about 
coincides with the time when the temperature enrvo ceases to be 
strongly concave, and becomes nearly rectilinear, indicating a nearly 
uniform rate of cooling from that time up to just before sunrise 
Thu fact suggests the possibility that the evening maximum of pres- 
sure may be determined by the check in the descent of the cooling 
aud collapsing atmosphere which takes place from 6 or 7 p M to about 
10 p H • But it is very probably combined with other elements, 

• Thl* explanation wa» loggeetod by Krai and fopy and alao by myaelf m a 
paper read before the Aaiatao Society of Bengal m 1876 On it Dr Sprung 
rematkai — "E» blaibt aher gtnxlu-h umeretlndliab, weehalb dieter Effect, eehouum 
10 Ubr abend*, und nicht aur Zeib dea Temperatur Uuumuma gegen 6 Ubr 
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among which may he the return of the morning ware of preesnre 
And indeed onleaa there he each repetition it is difficult to understand 
why the rue of pressure seta in so early as between 4 and 5 in the 
afternoon instead of between 6 and 7 p it that u after the time when 
the fall u moat rapid And n ideas the evening wave ia repeated in 
like manner to explain why the morning rue of pressure begins at 
least two hours before snnrue 

Note added August 15 1888 

Since the foregoing paper was real before the Society I have 
reoeived a tablo of the mean horary readings of the thermometer 
recorded at the Surveyor General s office Calcutta, (formerly the 
Caloutta Observatory) dnnng the same years that have furnished the 
barometric data quoted in the text page 415 T hey have been computed 
to hundredths of a Fahrenheit degree, and are as follow — (p 426) 

The instant of the most rapid rise of forenoon temperature oomputed 
from these figures by the method described m the footnote on page 413 
u as follows in each month — 


January 

Hex nee temp 

8 h 53 m 

Max bar 

9 h 44 m 

Oh 51m 

February 

8 

46 

9 

52 

1 

8 

March 

8 

46 

9 

4 7 

1 

1 

April 

8 

22 

9 

35 

1 

18 

May 

7 

54 

9 

23 

1 

29 

June 

8 

2 

9 

22 

1 

20 

Jnly 

7 

55 

9 

33 

1 

38 

August 

8 

24 

9 

38 

1 

14 

September 

7 

41 

9 

S3 

1 

52 

October 

7 

44 

9 

25 

1 

41 

Novembor 

7 

56 

9 

24 

1 

28 

December 

8 

56 

9 

34 

0 

40 

Tear 

. 8 

27 

9 

35 

1 

8 


The variations from month to month shown by thu table aw as 
might be expected less than in the table at page 415 oomputed from 
six years only, hut the mean interval for the whole year u exactly 
the same 

The irregularity of the evening fall of temperature noticed at 
page 423 does not appear in the results of tins table and it must 
therefore remain doubtful whether its oocorrenoe in the three regu 
ten quoted in the text u more than a fortuitous coincidence 

morgana efntreten toll This objection would be quite valid were the eookng of 
the atmosphere proceeding at an uniform rate but not, I think to the siAasl Acte 
of the oaae as above set forth Thu wu not notioed w my former o oxnm n nio et ioa , 
»e which Dr Sprung refer*, 

TOL xciv 2 i 
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CrOONIAN LECTURE — On the On gin and the Causation of 
Vital Movement ( Ueber die LnUtehunq der nit ilen Bewequng) ” 
By Dr W Kuhns Professor of Physiol igy in the Unn eraty 
of Heidelberg Communicated by PiottBsoi M b o&ter, 
Seo K 8 Received Apnl 22 Delivered m the Theatre of 
the Royal Institution May 28, Revised August 15, 1888 

(Translation ) 

Among the phenomena of life the movement of masses or mechanical 
work takes a prominent place It is the most accessible of all the 
ntal processos to our sensual perceptions so universally disti ibnted 
and so bound up with most of tho activities of organisms that it 
might almost be designated the incarnation of life 

In aaymg this it must be understood that vital movement is by no 
means exclusively confined to animals that it is not as was once 
believed, a special animal function on the contrary it is an attribute of 
aU living matter, as well of the lowest oieatnros as of the most highly 
developed plants so that, however extiaordinary it may appear, the 
activity of onr muscles which enables us to transform sensat on into 
aotion finds an analogue in tbe plant Onr conviction of the inter 
connexion and profound nmty of all living things has thus a physio 
logical foundation based as it is not merely on tho community of 
derivation and of structure of living things bnt also on tho proof of 
similar activities 

If a division of the morphological from the physiological is m any 
way permissible it may be said that the nmtaiy conception of life 
for which onr age is distinguished rests in a higher degree on tho 
knowledge of vital proeeteee than is commonly recognised, and in fact 
is just as much fouuded on physiological experience as on that of the 
forme of the organism 

Prom the traditional oonoeption of life which scarcely contained 
more than that everything between life and death is the antithesis of 
the not living it is a long road we have had to travel to attain to the 
modern conception of the real unity of life and a remarkable road, 
since it bears witness to the confident anticipation of victory in face 
of all impediments raised np by science itself Movement, and nothing 
less, had been placed at the summit of that antithesis which physioo 
chemical research m the animal an 1 vogetablo kingdom had revived 
with the discovery that the plant transformed kinetic into potential 
energy, and the animal the latter into the former While tho animal 
made use of oxygen to generate heat and perform work through the 
metabolism of its substance, the plant made use of the beat m reducing 
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and synthetic) processes for the accumulation of potential energy In 
the form of its own consumable subatanoe and the expired oxygen 

With whatever unassailable correctness this conception oomprehends 
life as a whole affording a pleasing solution of its antithesis by 
referring animal activities to nourishment by the plant, the latter to 
the products of the combustion of the animal body, and both in the 
last instance to the forces of the sun as original source of all life, yet 
the did but cast up the sum total of the processes of life, and did but 
express more intimately than before that which divides the most 
highly developed branches of the animal and vegetable kingdom, m 
whioh the divergence of forms and arrangements is greatest For 
by the tide of this distinction there exists even between man and the 
most highly elaborated plant a connexion of a land quite other than 
the symbiotic interdependence through the medium of light air, and 
food, a community, however which is not disclosed until we go back 
to the ultimate elements of organisation 

As in the animal synthetic processes are not wanting without 
which it could not even produce a molecule of the colouring matter 
of its blood so m the plant we are acquainted with dissociations and 
combustion and also with evolution of heat and movement of masses , 
not that by this I refer to those coarser movements which are refer 
able to turgescence bet primitive movements, which we find first in 
the smallest elementary organisms, of which all living beings are 
made up 

We have almost in our own persons lived to see the old anticipation 
of a single kingdom of living things become gradually an established 
truth through the discovery of the cell After the ground lines of the 
construction of plants and animals ont of originally similar nucleated 
cells had been established by Th Sohwann, and sinoe Darwin's 
immortal woik enabled us to derive everything that ever lived 01 
will live from one single cell, we have oome to realise that every 
single organism renews in itself the work of past ages, and again 
builds itself up from a germ similar to that from which its most 
ancient ancestors started 

This oonviction has beoome so firmly implanted in our generation 
that now we scarcely feel the gaps which still exist in our aotual 
knowledge, and almost unjustly underestimate that which the inves- 
tigations of our contemporaries yet add to the cell-theory, as if it 
were mere work of repetition And yet it has been very extensive 
and decisive— for example, the recent researches upon the intimate 
■tincture of the cell nuoleus — since nothing less results from it than 
that the reproduction of the oell by fission takes plaoe identically, 
down to the most minute details, in all animals and plants ( 1 ) * 

Now if the ehajnng of the cell and all ihs fash\on\ng of forms is an 
• Them numeral* refer (o the referee ee note* at end 
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aotvnty, and if Morphology, “ since it has made the antxng at torn 
mors its study than the describing of what is already completed, ' has 
become part of Physiology, it might be possible and oonoeivable that 
research directed to all activities and going beyond the wnble form 
to the chemical components of the struct ares and the transformation 
of substance and force, should observe great differences in processes 
where all our morphological expenenoe would only have shown 
identity We were near enough to this point, foi if it were true, as 
was long assumed, that that whioh is the bearer and the seat of the 
most essential of all vital processes t» the cell is completely form* 
leu, it is not easy to see why the form should be so deteiminant of 
function 

We have hope that this is not so, and will endeavour to Bhow in 
Movement the functional as well as tho morphological unity of all 
living matter 

As I have already said, there is an elementary kind of movement 
in the cell, earned ont by the cell body — that pait of the cell whioh 
in contradistinction to nucleus, membranes, and various enclosures, 
has been designated protoplasm The protoplasm moves itself, as in 
the case of certain free living Frotosoa, like tho long known Amoeba, 
like the so-called Sarcodo — in many cases better comparable to the 
movement of the psendopodia of Elasopods The resemblance of the 
latter to what was formerly called the sap current in many plant-eel Is, 
led herd Cohn (2) to interpret plant protoplasm as sarcode, an idea 
actively supported by Max Sohultxe (8), the best authority on psendo- 
podial movement It is not necessary to say here how widespread 
protoplasmic movement is, for there cannot be a cell that doos not 
present it at some stage of its existence Doubt on this subject can 
only exist in regard to the smallest of all organisms, those of fermen- 
tation, of putrefaction, and of pathogemo activity which are too small 
for observation Bat even m these, from the movement they perform 
as a whole, we have grounds to infer the existence of a protoplasm 

It is proved that protoplasmic movement dots not follow external 
impulses or currents, but is a spontaneous activity It may go on in 
opposition to gravity, and overcomes frictional resistance, as shown 
by the mass itself moving forward on eui faces of every kind, and 
being able to drag heavy bodies along with it It is proper mecha- 
nical work 

The cause of the movement can only be an internal one, residing in 
the oontraotile substance itself, and can only oonsist of chemical pro- 
cesses taking place within the peculiar pasty, slime like mass Yet the 
question had to be put whether these processes were not first set np 
by something ooming perhaps from the outside, for the movement 
ohungee, sometimes stops or takes place more slowly, or ooours but par* 
bally, and may by many means be artifi c ia l ly aroused or dim i ni shed, 
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At this point experimental physiological research had to step In, 
attacking the problem in the same way as it had long before done 
in the cane of the most highly developed contractile structures, the 
muscles A muscle behaves so far just like protoplasm that its con- 
traction does work which can only depend on ohemioal transforma- 
tions of its own substance, dnnng which potential is converted into 
kmetio energy , but it differs m that a distinct impulse from without 
is needed to set the game going In normal conditions it receives the 
initiating impnise from its nerve and nothing else appears able to 
take its place since nothing that might otherwise act upon it, such as 
the motion of the blood or changes m its constitution, disturbs its 
repose But if we let electric currents traverse the muscle or if we 
suddenly change its temperature, or act upon it mechamonlly or 
chemically, contractions result which do an amount of work out of all 
relation to the insignificant impulse the means employed only set 
going the process peculiar to the muscle and this is what is meant 
when we term them stmuh, and the faculty of muscles to react to 
them irritability 

Now is protoplasm irritable in this sense P Experiments on ob- 
jects of every kind have answered this affirmatively, and more than that 
have even shown a striking agreement with the irritability of muscle 
Of the above mentioned agents, besides nso of temperature, which 
ultimately sets all contractile cell substance in maximal contraction — 
a heat tetanus (4) which disappears with oooling — the electno current 
has shown itself the most efficient, the stimulns which most surely 
excites muscles of every kind as well as all nervous matter, and has 
thenco become the most indispensable instrument of physiology 

I may be permitted to adduce an oxamplo because it illustrates what 
is typical and essential (5) It is tbo caso of the frosh water Amcebw 
Every time these organisms moving like melting and rolling drops, 
are subjected to an induction shock they contract almost to a sphere, 
and assume the spherical form completely if the shocks follow each 
other at short intervals, being by tins means fixed for a longer time 
in this condition leebler shocks which singly have no effect, 
become effective by summation when applied in quick succession, 
just as in the case of muscle If the movements of the animal 
by itself are sluggish, on electrical stimulation they sro strengthened 
and aocelerated Thus the stimulation increases the natural move 
ment, and if increased stimulation bnngs about repose, it is only the 
apparent repose of prolonged maximal contraction like that of onr 
muscles when we hold out a weight for some time at arm’s length 
All protoplasm behaves in this way from whatevei source derived 
Larger masses which cannot conti act to one sphere (as in many 
plant cells, or those great cake like giant masses of the plas- 
modium of the Myxomycetes) form several such spheres in part 
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oonneoted by thread-like bndges Everywhere the taking on of a 
figure with smallest eurface la the result of stimulation, and the 
expression of augmented contraction (0) 1 hat which was outstretched 
becomes shorter and in like measure thicket, just as a muscle swells 
when it shortens itself 

Since protoplasm, which either does not move at all spontaneously 
or so slowly that we cannot perceive it, reacts in the pame way to 
stimuli, we must in the case of ordinary movements infer the exist- 
ence of processes originating them either in the interior, x e , automatic 
stimuli, or of external processes which had at first escnpod us 
Whoever sees for the first time the action of any one of the simpler 
independent Protozoa cannot avoid the idea that psychic activity 
in the strictest sense of the term lies behind it, something like w ill 
and design He sees the olemontary being seeking and taking np 
food, avoiding obstacles, and when touched by foreign objects ener- 
getically drawing back, so that ho infers sensation also Possibly he 
has struck the coirect solution, at least wo oonld not refute him, but 
we ahonld put his deduction to a hard proof if we showed him the 
same phenomena in the colourless cells of his own blood, or in the 
protoplasm of a plant cell, and if we placed before him the lhyth- 
mioally contracting cells from thu beating heait of a buds egg 
incubated barely a couple of days, he would ocitamly wish with ns 
that the search were for a more material cause and hope that 
same chemical or physical cause might be found to Bet np the 
process Biology cannot indeed y< t claim to have established such 
causes in explanation of the automatism of protoplasm, but no one 
will blame the science for continuing tho search for thorn 

Some cause* are already excluded, e g , light, although theie are a 
few micro-organisms whose movements aie excited by it (7) Fluctu- 
ations of temperatnre may also bo left out of account On the other 
hand, oxygen has a notable influence (8) Withdiawal of the vital air 
stops all protoplaamio movement, though withont killing tl c tell body, 
aa is seen from the fact that aftei the loss of automatism eloctncal 
stimulation can supply its place, and that the normal movements return 
on readmitting the an 

We might thus consider oxygen the pi ime mover m automatism 
and processes of oxidation its essence, did wc not remember that many 
objects need very prolonged withdrawal of the gas to ootne com- 
pletely to rest This might, however, depend upon the difficulty of 
removing the last traces of oxygen completely, or it may be that these 
oannot be removed by the means adopted, but must remain until 
consumed by the protoplasm itself 

Since protoplasm is of pap-like softness, and may be m a state of 
rest or motion at any spot, its extenor limits are just as capable of 
change as everything within it is capable of quitting its position and 
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taking up any other Thus the movement cannot heoome more 
ordered until obstacles confine and direct it Between the perfeoted 
organisation of oontraotile substance in muscle and that of protoplasm 
capable only of nnordered movement, we meet a suooession of signi- 
ficant steps by means of which we can see bow tbe ordering was 
attained The first step would seem to consist in the uncommonly 
widespread flagellar and ciliary motion, in which an elastic structure, 
affixed on one side to the contractile mass, is drawn down or bent by its 
movement, straightening out again in the rhythmio pauses of repose 
A further step, at which tho contraction can only take place along an 
axis, oonmsta in the arrangement of the protoplasm in fine strips 
wholly or partially surrounded by elastic walls or again m elastic 
fibrils being embedded in protoplasmic processes In this case we 
have actual primitive muscles before us, of which the most eltgant 
examples are known in the Infusoria among the Vorticelle and 
Stentores Tbe movement of these structures is quite like that of 
muscle The strips lengthen and thicken, and they may also be con- 
tracted in quick twitches or in a prolonged tetanus, the relaxing, 
like the stage of diminishing energy of all muscles, always pro- 
ceeding more slowly than that of the increasing energy before the 
maximum 

The muscles of tho unicellular Infusoria, no longei doubtful m a 
physiological sense, show us muscle as a constituent of the oell, and 
differentiation, without the prodnotion of new cells specially endowed 
for the purpose, taking place in one cell to the extent of elaborating 
contractile elements determinate m form and precise in work It is 
very noteworthy that side by side with these muscular strips provided 
with highly regulated movement, other protoplasm persists, which 
continues uninterruptedly its ordinary nnordered movements, while 
no such unrest is to be remarked in the muscles On the contrary 
these latter are only used from time to tune, apparently for attaining 
distinct objects We get the impression that the automatism has, as 
it were, been lost by this portion, so that it must wait for stimuli to 
reach it from other parts of the oell If oxygen really applies the 
first spur to the protoplasm, it has no direct power over the primitive 
muscle, so that compared with the protoplasm the musole is endowed 
with a diminished irritability 

It has often been said that protoplasm presents the oomplete set of 
vital phenomena — assimilation, dissimilation, contractility, automa- 
tism, resorption, respiration, and secretion, and even reproduction by 
dividing Leaving reproduction on one side, as now disputed and on 
good grounds, we can assent to the assertion, and examine which of 
those functions remain for the products of differentiation In tbe case 
of the musole, we find it to be all of them with the exception of a 
single one , for, while it undoubtedly takes part in nutrition as in 
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respiration and oomes on a chemical exchange, all of which are 
indispensable for oontraotality, t s , for ita work, and sinoe secretion 
generalised signifies merely the throwing off of broken down products, 
it is wanting only in automatism, that faculty of reacting to oertam 
stimuli, which remained reserved for protoplasm In this there is 
nothing opposed to the assumption that protoplasm as opposed to 
muscle possesses elementary nervous properties 

The above is suffloient to show the transition to the very highly 
developed motor apparatus, which distinguishes the animal kingdom 
from almost its lowest stages— I mean thebi cellular apparatus, whioh 
consists of separate oells united only for one purpose, one of which 
presents the exciting nerve, the other the obedient mnsole 

From past experianoe we know that division of the nerve, or more 
oorrectly speaking, removal of the nervous cell substance, condemns 
the muscle to rest The Btimuli then start from the nerve-cell, to 
them the muscles react by doing work, and they are conveyed to the 
muscles through the continuation of the cell whioh the nerve fibr« 
presents We need not yet tronble ourselves how the exoitation of 
the nerve oell arises, whether through external — sensory — stimuli, or 
through an enigmatical psychic act, or through ohemical influences , 
certain it is that these were before the division of the nerve the sole 
impulse to the musole’s movements But what the muscles lack we 
can snpply artificially, and more , wo can put the nerve remnant in 
snoh manifold states of excitement as it never before experienced from 
its oell-body, so that the mnsole is oompelled to undergo many kinds 
of movement quite new to it, and we can attain the same result by 
direct stimulation of the muscle 

In the circle of these experiences arose the controversy, not yet 
quite ended (9), as to muscular irritability, properly the question 
whether it was, in general, poesiblo to stimulate anj thing artificially 
that is not nerve, that is, to sot f tee the activity peculiar to a non- 
nervous structure by the means at our command 

Haller, who was the first to occupy himself minutely with the 
stimulation of muscle, and introduced the term irritability, decided, 
bat only incidentally and by tho way, that the stimulus could strike 
also the ramifications of the norve m the mnsole, and he was far from 
interesting himself in the question in the modem sense, or from 
suspecting the point of view from which the independent irritability 
Of muscle would later on be questioned We ought not to blame him 
much fbr the latter, since even to day it is not easy to understand the 
motives of an opposition now continued for more than a century At 
tho outset, if I am not mistaken, the teaching of the Animistic, or as 
it might now be oalled, the Ncurutic school, lod to the oonoeptton 
that not only the excitation and regulation of the various functions, 
hut the actual endowment of the several tissues with their respective 
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activities, was the work of that everywhere predominant and distinctly 
animal contrivance, the nervous system 

In connexion with this, there seems to hare arisen the new of the 
ubiquity of netves, that is, of so fine a penetration of the parte with 
nerve ladiations that, especially in muscle, not the smallest particle 
free from nervo could be demonstrated, a new whioh on the strength 
of microscopic research is coming up again at the present day m a con- 
stantly new drees, and finds energetic adherents (10), but as we shall 
see is to be refuted, especially by experiment If we disregard this, 
we shall find tho tendency to consider only nerves au#rcitable, in some 
degree founded on the differentiation whioh transferred automatism to 
the nervons matter, robbing all the remaining tissues of irritability, so 
that they only retained the faculty of reaoting to tho stimulated nerve 
with which they were bound up This was as much as saying it was 
impossible artificially to replaco the nervoua stimulus, or that it we did 
succoed, we wore strictly imitating it, in which case, indeed, we should 
have come unawares upon the solution of the problem of motor 
innervation Against such aiguments it availed nothing to point out 
the excitability of nerveless Barcode, as was often dono m favour of 
irritability foi, just as it was foimerly useless, because the real 
genetio connexion of sarcodo and muscle was not known, so to day it 
would have to be rejected, because automatic protoplasm can also be 
oorreotly considered nervous 

A non-imtable muscle would strike us as strange enough, and, 
against all expectation, different fiom the norvo, when we consider 
that the nerve-fibre, although incapable of being affected by all tho 
natnial stimuli whioh exoite its ganglion oells, free that ie from auto- 
matism, is artificially excitable at ei ery spot by the most difforent 
agents However, we have no further need of snoh considerations, 
sinoo the question of in itability lies within a region where instead 
of speculation, obeervation and experiment have become decisive 

As a matter of fact, the older statements, long considered a good 
basis for opposing irritability, are incorrect, as for unstonoe, that an 
excised piece of muscle in which no nerves could be seen with the 
lens did not twitch on stimulating it 

We can show you a little piece 8 mm long from the end of the 
sartonus musolo of the frog, in whioh tho best microsoopo discovers no 
traces of nerves, easily made leoognisable by osmium-gold staining 
(fig l). Such a piece, transversely cut off, twitches as we know at eaoh 
effective muscular stimulus Pieces which can be obtained free from 
nerves from many other muscles, behave in the same way, as for 
instance pieoes from the delicate muscles of the pectoral skin of a 
frog (fig 2) 

Further, the assertion was incorrect that everything that exoited 
the nerve made the muscle twitch, and met vend {to r we see here a 



CautaHon of Vital Movement. 


485 


Tia. 1. 



Fio. 8 . 



sartorios suspended in ammonia yaponr, contracting powerfully, while 
a nerve entirely submerged in liquid aimnouia appears wholly 
unstimulated, for it does not rouse the thigh muscles from their 
repose. (Experiment shown.) 

Conversely, we see a thigh whose nervo dips into glyoerine in 
maximal contraction, and on tlio other hand, a muscle in contact at it* 
excitable end with the mmu glycerine remains at rest, yot it twitches 
it I dip it in np to its nerve-bearing tracts (11). 

These are old experiments (12), and it is admitted they havo over- 
thrown the earlier opinion. But they have not boon deemed sufficient to 
prove muscular irritability, becanso the ultimate endings of the nerves 
might have an irritability other than that of their stems. This is the 
only objection still raised. One could wish no other were con- 
ceivable, for this one admits of refutation. 

To this end permit me to go a little into detail concerning nerves. 
Nerves are processes of nerve-cells composed of fibrils of immeasur- 
able fineness, which in the so-called axis cylinder of the modultated 
nerves are united by a stroma inside a very fine membrane called the 
axolemm*. In proportion to the vncroseopic dimensions of the 
ganglion cells of which the separata nerve-fibres form a part, these 
latter are for the most part enormously long, many as long as our 
arms end lege, and that is one of the reasons why the perception of 
the unioellular nature of the nerves made way but slowly. In faot it 
wm not easy to accustom oneself amid the microseopio swarm of oells, 
to find single ones so grown in length that they could be wound 
about us like a coooon thread. As it is the task and function of tho- 
rn otor nerves to lead towards the periphery the impulses sent oat by 
their ganglion cells in the spinal cord, their activity always admits of 
ready perception through the mnsonlar twitching. Even when the 



486 


Dr. W. Kilim e. On tk * 


nerve is divided and artificially excited at the peripheral end, the 
muscles betray it On the other hand, no visible physiological reac- 
tion is fonnd at the central origin of the motor fibre when stimulated 
at the periphery, so that at first we woro quite in darkness as to 
whether in general it conducted centripetally Nature, however, 
has presented ns with a oontnvance by which we are enabled to 
demonstrate the possibility of such an inverted or centripetal nerve- 
conduction The contrivance consists in the branching division of 
nerve fibres so frequently found in muscles, as will at once be seen in 
a preparation from a frog (fig 3) In many muscles these branchings 
are so arranged that we can use them for an experiment as simple as 
it is oonclosivo of nerve conduction in both dneotions 
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In the graotlu mnsclo of the frog the nervation is fashioned in the 
manner displayed schematically upon this diagram (fig 4) and in more 
detail on the following (fig 6) In reality the arrangement is like this 
Now, if I out up the muscle according to this diagram (fig 6), we get 
at the tip Z nerve-fibres which are connected with the mnsole-fibres at 
O and U only by the branchings at the points xx, but which in life 
served only for the parts of the moscle removed at/ and/ 

An experiment (18), vis , the stimulation of • (fig 6), will now 
convince you that nerves severed from their own mnsole-fibres sot 
quite well backwards upon those placed centripetal to them, which they 
oan only do if nerves can also conduct centripetally, and so long as a 
path is preserved for this through the branchings If we out out the 
neighbourhood of the branchings it is all over with the reaction of the 
muscle 

We oan make another experiment on the same mnsole (14) We 
see that when we excite the lower tip of the muscle, only the lower 
portion twitches and not the upper, The two portions are m fact 
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connected only by means of a very short tendon, the so called inscrip- 
tion, which passes completely through the muscle (n m fig 5), so 
that it really consists of tiro muscles If tho nerve common to both 
is stimulated at any point, then both parts of tho mnscle contract, bnt 
if the mnscle substance itself u stimulated, then the contraction 
travels no farther from the place where tho stimulus was applied than 
to the limits of continuity of the muscle-fibres 

Tho power of motor nerves to conduct in both directions is cer- 
tainly of general significance in regard to the inner mechanism of 
nerres, but we have only approachod it here, because it was necessary 
for the deoisive proof of muse alar irritability, as obtained m our last 
experiment with the m gracilis Whenever a muscle is provided with 
a nervation and branchings of the separate nerve fibres like that of the 
gracilu, some group of muscle-fibres can serve to indicate whether a 
stimulus has affected this alone or the nerves lying in it as well If 
nerres are present at the point of stimulation, and if the agent was at 
the same tune a nerve stimulus, this is shown by the simultaneous 
contraction of distant parts which arc accessible by means of the 
nerve’s power of conducting m both directions In oases where we 
can see the coarser nervation, the indirectly produoed contractions 
can be predicted, and those form so certain a criterion of nemo mus- 
cular excitations that by them the presence of the finest nerves may 
be proved, whose existence might otherwise be quite incapable of 
proof by any other means, as, for mstanoe, by the use of the mlcro- 
soope If these contractions are wanting, as was the case in our 
experiments with the lower end of the muscle, we know that either 
the spot stimulated is free from nerves, or that the stimulus employed 
was ineffectual as to the nerves and affected the muscle substance 
exclusively In both cases then independent irritability is proved 
foe those mueda-flbies whioh were directly excited and contracted. 
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Now since we hare just employed an electric stimulus which is 
equally effectual ou muscle and nerve it follows that we had to do 
with the first case that is to say the muscle showed itself free from 
nerve at its end We have reason for specially bringing forward this 
experimental proof of the absence of anj k nd of nerves in large tracts 
of muscle beoanse it compels those who m spite of all assume the 
piesence of nervous matter in certain m croecopio disks and etna of 
the muscle fibre as a whole to deny that this supposed nervous 
element possesses any power of conducting in both directions or any 
irritability at all for in fact it is not possible to excite the motor 
nerve of a muscle fibre by any stimulus whatever applied to the actual 
terminations of the 1 erve within tho fibre The facte besides combine 
to prove as need haidly be said yet another pi oposition — tl ey prove 
at the same time that puie muscular excitation does not travel book 
to the nerves 

This may be shown still better with the small pectoral muscles of 
the frog s skin than with the m gracxlu We need only dissect it in 
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the manner shown m the di awing (fig 7) and stimulate the spots n 
and M if we stimulate « everything contracts if M the excited half 
only 

The preparation which you now see (corresponding to fig 8), and 
whioh shows the ner\ ation of the very thm musole with all the nerve 
endings stained dark with gold makes that relation clear forhereagain 
in truth the result of morphological research is in gratifying accordance 
with results obtained experimentally The musole la seen to be for the 
most part free from nei vea indeed the entire nervation with all the 
nerve endings might be said to be formed of one nerve Une only, if we 
disregard the few digressing fibres which again in part are not motor 

Under rather higher powers we see the nerve endings proper (fig 8) 
the distinct demonstration of which by means of the gold method lias 
now been achieved, in much the same way as here, in all the classes 
of vertebrates with the exception of the osseous fishes In all cases 
these decisive preparations have proved that the vastly preponderant 
number of the muscle fibres is entirely free of nerves, and that the 
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nerve-endings are confined to very small spots whioh we term fields 
of innervation. Most m a eel o- fibres have only one field of innervation, 
very long ones occasionally several, at the most oigbt. Thus the 
assumption, opposed to the idea of independent imtabihty, that 
muscle substance is well-nigh completely nddled with nerveB, is 
refuted and rejected from the morphological ride also. 

From the absence of nerves in long tracts of muscle-fibre we im- 
mediately conclude that the latter shares with norves the faculty of 
independently propagating its own excitation This is what the beau- 
tiful microscopic observations of Sir William Bowman (15) on inseots’ 
muscles long since led ns to suspect As in the nerve so in the muscle, 
conduction takes place in eveiy direction, and as the field of innerva- 
tion almost without exception occupies a median position during a 
normal contraction, the oonduotion takes place in both directions, 
towards the tendinous ends. By way of distinction the velocity of 
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conduction is, according to species, temperature, Ao, three to ten 
times less than von Helmholtz fixed it for nerve As conduction in 
irritable tissues moans nothing else than that one excited spot 
becomes the stimulus for the adjoining portion at rest, the in- 
dependent irritability of the muscle-fibre comes into employment 
m every movement and during the entire duration of life , from the 
moment that the field of innervation becomes active all the muscle 
snbstanoe remains loft to itself, and until the contraction is ended 
must be regarded as independent and acting in response to its own 
diroot excitation 

Once clear on the fundamental question, and sure as to the method 
we have to employ m order to stimulate according to choice either 
muscle or nerve-substance alone or both together, we may seek to 
determine in what respect the irritability of the two components of 
the motor machine differs The differences as regards chemical 
stimulation appear very great, m respect of electric, thermic, and 
mechanical, on the other hand, only quantitative However, under 
chemical stimulation according to Hermg’s classical researches (16) a 
point formerly overlooked comes into consideration, namely, the com- 
plication introduced by the electromotive behaviour of the tissue, an 
automatic electrical stimulation one might say When stimulation 
takes place by moistening the transverse section with conducting 
liquids, it is indeed difficult, if not impossible, to trace the chemical 
factor in presence of the electrical. Gaseous stimuli alone, like am- 
monia, have thus far remained free from the suspioion of acting 
electrically To these a few othei s of Bimilar action, such as bisul- 
phide of carbon (17), have been added, and such as are oonveyed to the 
muscle by the blood-vessels, and bathe the fibres from all sides With 
these in particular we may class distilled water, which is excessively 
destructive to irritable substances von Wittich (18) being the first who 
showed how strongly it stimulates muscles, while killing nerves 
without excitation But, again, with this land of stimuli, we cannot 
at present tell whether they do not set up in tbe tissues, over narrow 
but numerous areas, excitatory electric currents, thus working only 
indirectly by way of auto -electric stimulation And smoe, finally, the 
same might apply to the thermic and mechanical actions whioh like- 
wise arouse demarcation currents m the muscle, that is, to all stimuli, 
we find ourselves in the presen oe of the possibility of reducing all 
irritability to a reaction to electrical processes, and of seeing vital 
eleotnoity elevated into immeasurable importance 

The means by which muscle may be stimulated interests us, in the 
first place, on this account — to ascertain, once for all, how it procures 
its excitation m life, or what may be the action of nerve npon it, Did 
we know that, we should have grasped at the same tone the nature of 
nervous activity 
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Nerves end blindly in the musclos as a rule they are not even finely 
pointed, and still less do they spread oat diffusely in snch a way as 
might make the truo ending difficult to fin! lho> end quite dis- 
tinctly Bnt the ends al waj s lie beni ath tin sni « lemma, in Buch a way 
that no foreign tissue intrudes between them and tho musclo so that 
what is fluid in tho muscle can diiectly moisten tho nim The sub- 
lommal nerve is clothed with nothing list than tl o axol< nrnn I he 
nei ve never penetrates mto the depths of the muscle subsl inee on 
tht contrary it icmains confined to the sublcmm il suiface of tho 
contractile cylindu or prism hnch nono ei d consists of sevmtl 
branches, like antleis, arising by div sun whieh tigethcr f im tho 
terminal nerve btanch Apai t fiom the form of tho antlers this sboit 
description is exhaustivo for many an mals sinco neithtt n tli sub 
lenimal neivo need any bpccial additional btruetnrts occur such as 
nuclei, nor any kind ot modification of the musclo subsi mco m the 
field of innervation There is much to mdieato that the norve fibro 
pioper or axis eylindei doeB not (hviigt its constitution 1 1 passing 
through the saicolomma, still it is to be rtmaikid that tl i twigs of 
the terminal branches, although as long as they live often appucntly 
longitudinally btimted have not yrt, oven m the most tavonribo 
stanungs boon found to piesent tho gcnenl hbullui shuctni ot 
nerves 

According to these results of moiphdogital rcstaich it appt v s 
that contaetof the muscle substanco with tho nm nuduliatc I neive 
suffioes to allow tho ti wish r of the excitation from tho lattoi to the 
former Tho only strange thing is that in ic versed older exiitvtion 
of tho muscle novel extends* t j its own nervi This is still sliaugei 
becanso, according to Matteucci 8 well known dibeovery a for gn 
modnllated nerve bimply lai 1 npen the muscle is powoi fully excited bj 
the contiaction — so powerfully that the smallest contracting musclo 
barely touching it m more than a mei o point excites tho strongest 
nerve, while on tho other hand wo ntvor see musclos exuted by 
nerves which are mciely piossod against tl era 

In tho investments, then, of the neivo and tho musile substmeo 
appears to exist one of the elements which admits tho neuio muscular 
excitation exelutttely to tho hold of uineivation tyid among those 
investments it neod not bo the modullaiy sheath The delicate 
membranes of the saroolomma and ncuiilomma suffice foi musclo 
cannot bo excited by supei impose l » » medullatod n» i ves At any 
rate, I have tiiod in vain to excite musclos b) the most intimate 
contact of the fine toiminol ramification of the optic netve in tho 
retina or the n olfactonu* from the piko, or oven the delicate nerves 
of AsOdonta, by stimulating these non medullatod neivea 

H we imagine the activity of the nerve to stait with a chomical 
process, and that a chemical stimulant, as du Bois Roymond (19) once 

vor xrrv 2 K 
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suggested, is, at the samo time, secreted in eontaet with the muscle, 
we understand very well the necessity of direct contact, and in this case 
it would snffico if tho sublemmal nervo wore to rnn in any form for a 
short distaneo under the sareolemma The branching then would 
mean tlio onlarging of the contact Bnl however rich and intrioato 
tho ramifications may lie, wo can by no means say they display 
throughont tho principle of increase of superficies; on the contrary, 
they are often astonishingly poor and small. As concerns their 
form, they arc not irregular, hut so strikingly uniform that this 
point deservos particular attention as being apparently indispensable 
for innervation. 

Instead of dcscubing tho forms, allow me to show yon the object 
itself in a seloction taken from tbe most divorse vertebrates. First 
from tho Amphibia (fig 9) • rod-liko branchings with long outstretch oil 
twigs, a form which crops np again in a remarkable way in mnnj 
birds. Tho rule hero is asymmetry of tho divisions: all the twigs 
have the form of a bayonet. 
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The following preparation shows tho termination in the dog (fig. 10). 
Here tho branches are crooked, and hence quite divergent, so that the 
points of agreement with tho form of the Amphibia are at first over- 
looked. Bat if we examino the divisions, you will remark that these 
are again nnsym metrical and give off branches whose ends lie very 
diversely removed from the common place of origin. The ends are, 
as a rule, turned towards each other, and often so approximated 
that it is at times troublesome to find tho gaps between them, and if 
they do not he in tho samo plane they appear to bo united into a ring. 
In other cases o’no end overlaps tho other, but we then find that all 
the points of tho branches which are turned towards each other lie at 
unequal distances from the nearest bifurcation. This law holds good 
in all the thousand cases of motor endings thus far observod and 
shows a strict order in tho apparent chaos of these structures. And 
yet among the organic forms there is scarcely one which varies so 
much in othor respects and often is so inextricably complicated as this. 

The drawings (fig. 11, {rum tho muscles of the guinea-pig, and 
fig. 12 of the rat) and a preparation from a Heard (fig. 13) may serve 
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as a voucher for the troth of tho abovo statcmont. Wo boo thoro 
everywhere tho hooks muking thoir appearance with a short and a 
long claw, liko the swivel wo hang our watuli on in the pocket. 

Tho voluntary muscles of all vertebrates and ol many invertebrates 
oongist of fibres, tho contents of which are perfectly regularly dis- 
posed in layei* and tronsvorsoly striped. For shoitiiess, this striped 
mass may bo called “ rhabdia." This it is which lias been universally 
identified with tho contractilo substance. But it Las boon ascertained 
that in many ensos tho norve-ending does not come at all into direct 
contact with tho rhabdia, but with another mass, which is highly 
nucloatod and of pap-like softness This latter is unstupod, and 1ms 
all the appenrauco of protoplasm. It occurs in wry is tying ((unutity 
nndor tlie nerve-antler ; in Amplnbiu, whore the suhlemmal nerves 
rnn out in a lung course, it is not apparent ns a si ji.irato layer, but il 
occurs more abundantly m the same measure ns thi branchings n tract, 
and tho field ol innervation becomes smaller. At first it is found 
chiefly between the twigs, in the intervals of the branching, and then 
in the form of a " sole,” which among tho much contoi ted branchings 
of reptiles and mammals grows thicker, till it sometimes m some nerve 
eminences forms qua to a thick cushion. Smco we have succeeded in 
making the nervo-ondings visible in uninterrupted seriei of very fiuo 
sections of mammalian muscle stained with gold, them can no longer 
be any doubt that tho complete separation of the sublenimal nerves 
from the rhabdia by measurable layers of sole-protoplasm, though 
not the rule, is yet by no means rare, and that many muscles possess 
no other sort of norve-endings than such as those with apparently 
indirect contact (20). 

It would he diflicult to understand why tho innervation should 
have in some muscles, as in tho Amphibia, no intermediate layer wbilo 
having in the majority of cases an interrupted layer, and in others 
a continuous layer of varying thiokness to travereo. Bat when we 
consider what the substance of the sole is, of what it consists, how it 
ia distributed, and when we know its origin, it appears that it is 
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identical and stands in continuons connexion with the long-known 
second constituent of muscle-fibres, of which as well as of the rhabdia 
the fibres are composed. It is that substance, considered by Max 
Schullzo to be tho protoplasmic romnant of the cells composing 
muBclo, which occurs in greatest amount around tho nuclei of muscle, 
and extends in long threads throughout tho entire muscle-fibre. So 
many transverse connexions occur on the very numerous stronger and 
finer nucleated threads that the whole mien, called sarcoglia, becomes 
a trellis-work almost of the same fineness as the better known trans- 
verse striation of the rhabdia, and everywhere surrounds and inter- 
penetrates the latter. This minute internal structure of muscle haB 
only becomo at all well known since the introduction of gold staining, 
thanks especially to Messrs. Rotnus and Rollott (21). Had it been sus- 
pected earlier, and hud we appreciated tho volume of the sarcoglia 
whoso existence is thereby shown and which rivals that of tho 
rhahdm, we might havo studied this component of muscle in its 
physiological relations to contractility, as woll os in its morphological 
and genotic relations which arc the only ones yet known. 

If now in many eases it appears that the new comes in contact 
only with the surface of a thick layer of sarcoglia, while the rhabdia 
everywhere is co\ ered by very fine laj ers of tho latter, whose absolute 
absence in tho field of innervation can rowhero be demonstrated, we 
havo to conclude thut in gcneial the nerve does not ao( directly upon 
tho rhabdia, hut only on the sarcoglia. Tlus at onco gives the latter a 
physiological interest. Wo havo to ask whether the glia is the 
medium that conducts the stimulus between nerve and rhabdia, or 
whethor it is itself the contractile element while the rhabdia has a 
signification other than that formerly attributed to it when we wore 
completely ignorant of the glia 

All contractile substance requires the co-operation of an elastic 
element. Where is this to be found in tho muscle-fibre V Tho 
envelope of sarcolemma which is certainly elastic but delicate, and 
whose mass is almost infinitesimal compared with that of the muscle- 
fibre, cannot satisfy the requirement ; hut more solid strnotures freely 
distributed in the paste-like sarcoglia could perhaps do so, and Bach 
we find in the rhabdia, in the form of prismatic particles ranged with 
such constancy and with such regularity longitudinally and trans- 
versely, that wo may hold them to be the elastio element. Then the 
sarcoglia would become the contractilo clomont, and the nerve would 
have an eaBior task. 

I could wish that this view might be accepted as an hypothesis. 
As far as I can see it docs not contradict experience, for it only puts 
back the muscle nearer to the protoplasm and to all that is con- 
tractile, afad so far coincides with experience that we find musoles in 
the same measure less elastic and more sluggish in protoplasmic 
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movement the richer they are m saicoghs as m the case of the 
led muscles nucleated and rich m glia, which eonliaot mote slowly 
but with greater power than the white muBclca poorer in glia which 
are quiok and spring like, and also the sluggish embryo muscles, in 
which glia predominates because as yet but little protoplasm has 
been converted into rhabdia and fuitlier the cells of unstnped 
muscle fibre which aie wanting in tho regular tranavciso st nation, 
and contain as it appears besides more abundant glia, an elostio 
material of special form and ai rangoment 

The hypotbosis would be overtliio wi if cintraotile fibrils weie 
found in which no 6arcoglia was to bo detected But oven in the finest 
fibrils of Stentm tho structure of which Butsohli (22) has recently 
elucidated wo must hold the significance of punctated transversely 
penetrating indentations to be protoplasmic and we can thnefore 
scarooly expect ever to find a contiactile thread in which nothing 
whatever should bo found of the primitive contractile matciial such 
as it everywhere exists 

Of late this view (2d) has been defended fit m tbo purely mi rpho 
logical side (24) on tho stiength name)) of tho veiy fine rttieular 
struoturoof protoplasm to which more attentun is being paid and 
which is domonstrablo on objects if all grad sof organisation Pioto- 
plaatn, in fact is not so foimlcss as at hist appoaiod but shows a 
stiuetuie compilable with noth ng hotter th n with the uppurance 
piesented by a transverse section of musclo with its glia framowoik 
stained with gold Wo may expect that theso rttieular structures whose 
consistency appears to vary extraordinanly will some day lead to the 
establishment of a fruitful hypothesis of the inner mechanism of 
protoplasmic movement, in place of that held hitherto which afioids 
no glimpse into the essence of vital mechanical woik 

Compared with this largei problem tbit of tho causation of vital 
movement appears the moie accessible of tho two, the latter being oon 
sidered as a physiological inquiry after the constitution of the normal 
stimulus by which work is done Perhaps indeed, the answer is to 
bo looked for from tbo moat peifeoted organisation of muscle, where 
the initiatory process is looahsed by a distinct neive ending rathei 
than from the primitive organisation whore tho excitation may 
set in at any place, and lies in the piotoplasm itself We know du 
tinctly that tho muscle wave begins m the held of innervation for 
we Lave long seen the natuial contraction m the mtenor of trans- 
parent insect lsrvse starting from tho no me eminences We know 
this also from the experiments of Aeby who followed tho muscle wave 
uiyographicaliy from the nerve hnc < uward, and now we are able to 
display the beginnings of the contraction as local tluokemnga at the 
point of attachment of the nerves caught and fixed by sudden harden* 
mg Since the nerve grasps the muscle in a lestncted region it 
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expends its notion upon this exclusively , that which follows on as 
musonlar activity is the nerve’s v\ oik no longer 

Galvani and his successon for more than a centuiy suspected that 
nei vous forces were electucal, and, in reality, the celebrated champion 
of electro physiology in our day has been able with the galvanometer to 
render the oxcitation of nei ves, unattached to muscles or ganglion- 
cells, oi ident as the negative variation of the natural nei vi cm rent, to 
cause movement of a magnetic needlo instead of a muscle, or to put 
the needle m the place of sensation Attoi (Ins no consideration of 
tho nature of neivous activity is toniuvible wh eh does not take 
into consideration this discoveiy of da Bom Keymond s — least of all 
where the nervo has to excite somethnig with which it is not 
fused, like muscle, but which it only touches, and that not dncctly, 
whilo still invested by the axolemma Onlydnung excitation, os 
Ludimar Hermann lias taught us, aie olectnc currents issuing fiom 
the norvo tluongh its conducting sun oundiugs, in which the couise 
of those currents of action is to be estimated fiom tho duration of the 
negativity of the neive tract excited, and fiom the speed of piopaga- 
tion of the nerve wa\ o, if wo knou tho eondmtoi and the disposition 
of the noivo Tho motor ending fixes the lattei, and so peculiarly 
that wo ran only presuppose from it a furthering of tho oxoitor effects 
of tho otu runts of action 

Tho currents of action of muscle, whoso olectromotivo behaviour 
agrees so wondoi fully with that of nerve, have long boon piovod to 
produce excitor effects, although only pow erful enough to act upon 
nerves, but there aro also, under ceitam conditions discovered by 
Henng, such effects fiom nerve to nervo (21) Is the possibility, we 
may hence ask, to bo excluded of one musclo oxoiting another, and is it 
quite impossible that a neive only throws a muscle into contraction by 
means of its currents of action ( 

The first question wo can answei I will do bo by a simple experi- 
ment Two muscles, the norves of which are disposed of by poisoning 
with curare, need only to be pressed together ti ansversoly over a narrow 
area to make a singlo muscle of them of double longth, in which 
the stimulation and contraction are propagated from one end to the 
other Since the transference from one muscle to the other is done 
away with os soon as we bring the finest gutta-percha between the 
muscles as an insulator, or gold-loaf as a secondary circuit, the first 
musole must have excited the second electnoally (2b) 

NOTES 

1 Tlie most oomploto exposition of these important lator disooecnis on the 
reproduction of the cell is to be found m the book of W Elemming, 1 Zellsub- 
stanx Kara und Zellthedung,’ Loipng, 1883 Cf the ' Kune histonsehe Obomeht ” 
(p 886), with the quotations from the works of Bohn eider Strmssburger, BflUchli, 
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Flemming, 0 Heitwig, anil the researches of Auerbach, Balbiam, ran Beneden, 
Kbcrth Schleicher, Balfour, and others 

2 herd Cohn Hacbtrag* rur Ksturgeschichto da Protocoocu* planatilu ” 
' Kora Acta Acad Leopold Caesar,' vol 22, P II p 605 (1850) 

8 Max Hohnltze * l eber din Orgnnumus dor iolj thalamic n Tupngl864 

4 W Kuhno Untcrsurhungtn ubor das Frotoplasni und dio Coutraktil tit* 

Loipng 1861 pp 13 GO 87, 102 * 

5 Kuhno ib>d p 80 

6 lh W Kngelmann fin jours lutor oonfln el the passage of protoplasm 
especially of Amoeba to the spborual foim on stimulating cf his Bcitrhge zur 
Physiologio des I rotoplosrans Pfluger Auliii vol 2 18(59 p 815, and Ilsnd 
bnoh der Physiologic hiruung von L Ueimann,’ vol 1 p 167 

7 Engelroann Ueber die Boizung des contrnktih n Protoplasma dureh plots 
lioho Beleuchtung ” ‘Pllugtr Arch it,’ vol 19 p 1 

8 Kuhne fc.pp 60 67 88 89 101-106 llic usual ion of the so called sup 
stream in the cells of Ohara on oxeluding tho air by oil was observed as far back as 
1774 by Bonaventura Corti and farther by Hofmoistei in Nitetla under tho 
influenoe of reduced atmospheric pressure Cf i i golmann m Handbnch di r 
Physiol von Hermann ’ vol 1 Part 1, p 862 

9 Cf J Uosenthal Allgomemo Physiologic, dor Muskiln und Ni won ' I eipng 
1877, p 256 

10 J Oerlach “Uebor dna Vorhaltin dcr Norven in den quergcstreiftin 
Muskelfaden dor Wirbelthioro Erlangon Pliys Mid 8oo Sitxbcr 1873 

‘ Dos Verhiltniss der If erven su din willkbrh ben Mnskeln dtr Wirbolthnrc 
Loipng 1874 — ‘Ueber das Virhttltmss dtr mrvbson und oontraktilon Subslinz 
des quorgestreifton Muskels ’ ‘Arthiv Mikrosk Anat vol 13 p 899 

A Foettmger “ Bur les t< rminaisons des norfs dans les muscle* dos lnsoetcs 
‘ Archives do Biol ’ vol 1 1880 

Kngelmann ‘ Pflhger, Aroluv, vol 7 1873 p 47 vol 11, 1876, p 463, 
vol 26 p 631 

In these publications it is sought to prove that tho motor norvts pass either into 
the interstitial nut looted substance of tho mustlo (therefore into the sarcoglia) or 
into the layers of tho 1 Nebenscheibcn ’ Thu latter vu vr u opposed by, among 
others, A Rollett in hu thoroughgoing exposition of the structure of musale 
(Vienna, ‘ DonkschntUn dork Akad vol 49 p 29), and W Kuhne (‘Zeitschr 
f Biol ,’ vol 23 p 1) 

11 The experiments were performed during the lecture by projecting on the 
wall images of tho preparations enlarge 1 some thirty Umes 

12 Kflhne “Ueber direkte and indinkte Muskolreuung mittolst chemincher 
A gen ben ” • Muller’s Archiv f Anat ’ 185 J p 213 

1# Ktllme “ Ueber das doppelsinmgt LeitungsvorroOgon der If erven ’ 
‘Zeitschr f Biol,’ vol 22, p 805 lo demonstrate (die ei[Kiunont on thegrocxlu, 
the muscle was fixed on a whito pie oo of c rkbj needles and held by elastic li Aden, 
and its image thrown on tho wall highly magnified by a Krubi lantern 

14 Kdhne «W,pp 312 324 

18 William Bowman “ On the Minute 81 rnoture and Movomerts of Voluntary 
Muscle " ' Phil Trans 1840, p 467 and Muscle— Muscular Motion ' in the 
‘ Cyolopmdim of Anatomy and Physiology, edited by B B Todd, vol 8 1847, 
pp 606-680 

16 B Hanng "Ueber direkte Mnskeln is ung dureh den Muikelstrom " 
Vienna, ‘fetzber k Akad,’ vol 79, Abth 8, 1879 

17 “Ueber ohemischo Ruangon nscli Vcrzuchon von stud mod 0 lam" 
' Untemmb ans der Phystol Inst if der t'wv Heidelberg.’ rol 4, 188% p 268 
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18 t Wittieh Experiments qusedom ad Hallcn doctnnam de musculorum 
trrit&bilitate probandam nutitut* Komgsberg 1867 and Vvrohow Arehiv,’ 
vol 13 1883 p 421 In these papers with the diecovwyof the eioitation of imuele 
by distilled water appears without doubt the lint foot which overthrow the old 
theory of the eq lal irritability of muscle and nerve 

19 K da Bois Beymond Qeiimmilt Abhandlungen mr allgemoincn Muskol 
und Nervenphysiologio vol 2 p 700 

20 hill no Verhan Uungon les Nalurli st modicmischen Voromi ru Heidol 
berg Hone Folgo v 1 4 jp 4 6 

21 Q- R txius Bio! gisehe tfnters lohungon 1881 

A Rolktt Untorsu hing n uler Ion Ban dor qnergcstreiften MuskeUaser ' 
Wien Akad Penkschi 'rol 49 1885 

22 Dr II ft Bronn s Classen und Ordnungen dcs Thierreiche* neu bearboitet 

von 0 Batachli Leipng und lleidell erg 1888 vol 1 p 1208 

28 Kuhne Roue Untersuili ingen uler motorwhe Nervenendigung 

* Zeitschr Biol vol 23 pj 88 96 

24 A i an del uehten Ft ilo sur la struoture mtini de la cellule musoulaire 
stnV LaCtllule rol 2 p 289 

26 E Bering Hitiber der k Akad xuWien vol 85 Abtb 3 1882 p 287 

26 Kulne Sooundare Kneg ng tom Mutlul rum Muskol ’ ‘Zeiteebr Biol 

vol 24 p 888 

The drawings figs 1 2 3 6 8 are taken from the papers of Dr K Mays 
‘ llistopliysiologische Ui tersu hungen uber die Yorbroitung dor Nerven in den 
Ifuskeln ( Zeitachr Biol vol 20 p 419) and Uebtr Nervenfaserthedungen in 
den Nervens tammen dir rroethmuskiln ( Zeitschr Biol ' vol 23 p 364) , 
figs 9—18 from the author a work in 1 Zeitschr Biol , vol 23 pp 1—148 
Plates A— Q. 


“ Contributions to the Chemistry of Chloiophyll No III ” By 
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21, 1888 

Products of the Action oj Alkali $ on Phylloeyamn — In the first part 
of this memou I gave a general account of the action of alkalis on 
phyllooyanm ( Proceedings, vol 39, p 365) I shall now piooepd to 
give the results obtained on farther examining the products due to 
this action The description of the pioducts appearing in the first 
stage of the process of change induced by alkalis forms the subject of 
the prosent communication 

1 he gi eat trouble involved in prepanug any considerable quantity 
of phylloeyamn in a state of parity made it desirable to find out a 
method, if possible, of obtaining the products of the notion of alkali 
directly from chlorophyll itsolf The object in view was attained by 
acting on ohlorophyll first with alkali and then with acid, thus 
rev oi sing the ptocess previously adopted and at the same time 
loading to the discovery of several now and mteiesting compounds, 
the formation of which had not boon anticipate d 
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The plan I have pursued is as follows — Fitsh leaves — I prefer 
grass with broad blades to any othor material — are exhausted with 
boiling spit its of wino containing fiom 80 — 82 per cent of alcohol 
The groon extract is filtered hot, and being allowed to stand for a 
day or two away from the light, yields a dark green voluminous 
deposit, containing chlorophyll mixed with fatty and othti matters 
This deposit is filtered ofi foi further treatment the pale green 
filtrate being rejected The green mass on the filter is now to be 
treated with a boiling solution of caustic soda in strong alcohol 
which dissolves it in pai t The insoluble portion is filtered off and 
after washing with alcohol appears almost white * lhrough the dark 
green filtrate a current of hydrochloric acid gas is then passed until 
it acquires a stiong acid leaction The liquid hist becomes yellowish 
green, but after some time the colour changis to a dull purplish 
green, and small crystalline needles ai ranged in stars pnrple by 
reflected and dull green by transmitted light, begin to appeal on tho 

• Minute sparkling red crystals are always found intersperse 1 in tin amorphous 
mass of which (Jio residue left by alcohol for tho most part consists These crystals 
are the chrysophyll of Hartsen the erythrophyll of Bougarcl a viry beautiful 
substance which may be freed from the impurities accompanying it in this case in 
the following manner — Ihe residue after wail mg with alcohol is treated m the 
cold with chloroform which dissolves tl e chrysophyll leaving the greater part of 
the fatty matter behind 1 he yellow solution is flltei ed mixed with a oonsi lerable 
quantity of aloohol and left to stand for a day or two in tlm dark when it deposits 
crystals of ohrysophyll mixed with fatty m itter The deposit is Ottered off and 
placed, without removal from tho filter m a hot water funnel here it is treated 
with a little hot glacial acetic acid llus removes all tho fifty along with some 
colouring matter The residue u dissolve 1 in a little < hloroform, and the solution 
having been mixed with several tames its volume of absolute alcohol is left to stand 
in the dark The next day a quantity of chrysophyll will 1 are separated in crystals 
with a golden lustre and of a deep orange or re 1 colour by transmitted light The 
sabetanoe is rapidly bleached on exposure to air In order to preserve it unchanged 
it should after flltiabon and rapid drying be pul into a glass t ibe through which 
a current of hydrogen is passed before sealing then kept m the duk According 
to Amaud ( Compt Rend ’ vol 108 p 1119 and vol 104 p 1208) chrysophyll is 
identical with carotin There can be no doubt that it contributes to tho obsoora 
tun it the blue end of the ordinary chlorophyll spectrum I have found it acoom 
ponying chlorophyll in all leaves that I have examined Its solution* when 
sufficiently dilute show two broad bands at the bluo end, without the least trace of 
abeorption at any other part of the spectrum (tig 1) 
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Hide* of the glass Those needles continue to inoroaae in quantity 
tor some time , they are filtered off, washed with aloohol, and then 
treated with boiling ethei, whioh removes a quantity ot fatty matter, 
at the same time dissolving some of the substance itself The residue 
is dissolved in a small quantitv pf chloroform, and the solution which 
is deeply coloured is then mixed with several times its volume of 
absoluto aloohol On standing, the liquid deposits a quantity of long 
crystalline needles which are collected on a filter and washed with 
alcohol, in which they are only slightly soluble The substanoe thus 
obtained is apparently an ethyl compound and is probably the ethyl 
other of the product formed by the action of alkalis on phyllooyamn, 
this being tho conclusion to whioh its reactions seem to point In 
mass it appears ot a fine pnrphah bloc and shows a semi metallic 
I untie Under the miciosoope it is seen to oomust of acionlar crystals, 
which aie mostly opaque, but when veiy thin me transparent, and 
ippearpale olive colouied by transmitted light It Boftens at 205" C , 
hut it has no definite melting point When strongly heated m a glass 
tnbe it is decomposed without yielding any crystalline sublimate, 
leaving a voluminous charcoal heated on platinum it burns away 
without leaving any ash It is insoluble m water, Bpaiwgly soluble m 
boiling aloohol and other more easily soluble in bencol and carbon 
disulphide and very easily soluble m chloroform The solutions when 
diluted have a dull-purplish or pink colour, and show an absoiption 
spectrum identical with one already depicted as belonging to one of 
the derivatives of pbyllocyamn (‘ Proceedings vol 42, Plate 1 fig 13) 
It dissolves m boding glacial acetic acid and crystallises ont on cooling 
It is also soluble in concentrated hydrochloric acid, giving a solution 
which has the same greenish bine colour, and shows the same absorp- 
tion bands as a solution of phyllocyamn in the same menstruum bat 
in the addition of water it is precipitated unohangt d The quantity of 
the product, in a ciude state, obtained by the method desenhed, 
amounted to 4 5 parts from 1000 of dry grass 

When methyhc alcohol is employed in the extraction of leaves, and 
the same process as that above described is gone through, a similar 
compound is obtained, but differing from it in some respects It 
crystallises in lustrous purple needles, rather lighter in colour than 
those from ethyho alcohol , it, has no definite melting point , it is 
hsrdly soluble in boiling aloohol or ether, bat easily soluble m chloro 
form, the solution showing the same absorption-bands as that of the 
other compound It can hardly be doubted that this is the corre- 
sponding methyl ether 

These oomponnds are insoluble in aqueous alkalis, and are very 
little changed by prolonged boiling therewith, but on treatment with 
alcoholic potash or soda they are immediately dissolved and decom- 
posed The prooess is apparently one of sapomfioation, the product 
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being the substance of which the compounds me the ethyl and methyl 
ethers respectively In order to obtain this piodnct the ethyl com- 
pound is treated with boiling alcoholic soda, in winch it readily 
dissolves The solution on standing deposits a sodium oomponnd in 
the shape of a dark green, almost black semi t rystalline mass, which 
is filtered off, washed with absolute alcohol, ard dissolved in water 
Tho dark-green solution gives with acetic acid, of which a great 
oxcess mtist be avoidod, a gioon flocculent precipitate, which is filtered 
off, thoroughly was hod with watei and dissolved in ether On slow 
evaporation the ethereal solution yields lustrous purple crystals, 
which must be separated before tho Bolntion has quite evaporated, 
for if there he any free acid present this will after most of the ether 
has evaporated, bqgin to act on thi snhstancc, inducing a change to 
which I shall allude presently 

The substance thus prepared is identical with that formed directly 
by the action of alkali on phyllocyamn but by the process just 
described it is obtained in a state of much gioatoi purity than by the 
direct method Having read nenly everything tli it has been written 
on the chemistry of chlorophyll, 1 have come to the conclusion that 
this substance has novel previously been described, and I think 
myself entitled therefore to give it a name I propose to call it 
Phyllotaonvn (from r <**»>, a peacock) 

Properties of Vhyllotaown — On spontaneous evaporation of its 
ethereal solution, it ib obtaimd in regular flattened crystals oi 
crystalline males which hy reflected light appear of a fine peacock or 
steel-blue colour , the crystals an mostly opaque, but when very thin 
they are transparent and then appear brown by transmitted light It 
melts at 184 to a brown resinous mass but paitial decomposition 
results from fusion, since the molted mass is no longer entirely soluble 
in chloroform, a little carbonaceous matter being left nndissolved 
Heated on platinum it swells np, giving off much gas and leaving a 
voluminous coal which burns away without residue , heated in a tube 
it swells and is charred without giving any perceptible Bublimate 
PhyUotaomn is insoluble in boiling water It is easily soluble in 
boiling alcohol aud ether, but it does not crystallise out on the 
solutions cooling, tho solutions have the same oolour, and show 
exactly the same absorption-bands as solo toons of phyllocyamn, but if 
the least trace of any acid be present in tho solution the spectrum 
gradually changes, the third band from the red ond becoming fainter, 
while the fourth band as well as the first splits up into two It is 
soluble in bensol and carbon disulphide, and very oasily soluble m 
chloroform and aniline, but insoluble in ligrom Phyllotaomn is 
easily soluble in glaoial acetic acid, giving a solution of a fine violet 
colour, which shows a spectrum differing from that of the ethereal 
solution, and by this means it may bo at onoe distinguished from 
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phylloeyanin which dissolves in other and m aootio acid both 
solutions having a dull groon oolom and showing the same spectrum 
It is also snlnblo in ciwentratel hydrochloric acid the solntum 
having a bright blnish green col inr 

In oontact with at ids phyllotaonin undeigoeB a senes of changes 
accompanied by coi responding changes in the absoi ption spu trnm 
If to an ethereal or slcohohc Relation of phyllotaonin a small quantity 
of an acid suoh as hydrochloric snlphuno oxalic taitano or acetic 
acid be added tho colour tf the solution changes slowly from green to 
brown and now shows the sptofrnm frequently leferred to in which 
two bands that in the red and that m tho green aro seen split np into 
two (see fig 11 of the Plato pievionsly refoi ted to) A fnrther change 
takes place on standing ono of the bands in the green becoming 
darker the other lightu (set spectrum fig 12) Here the action 
stops with all tho a<ils named except acetic acid On heating 
phyll tnomn with boiling glaiial acetic acid it dissolves and the 
daik pnrplo solution if sufficiently concentrated deposits on ooohng 
crystalline needles arranged in fan shaped masses These collected 
on a flltei and dried show a fine, purple colour and closely resemblo 
the supposed ethyl compound of phyllotaonin its solutions show the 
same absorption speotmm as th lattei This pioduet is donbtloss 
a compound with acotu acid strongei acids suoh as snlphuno or 
hydroohlono acid yield no similar compoun 1h l he products 
f rmed by the action of acids may in all oases be re converted into 
phyllotaonin by means of alkali 1 he process of re oonversion may 
be traced in its course with tin crystallised acetate If the Iatttr be 
treated with aqueons potash in the cold it dies lives acetic acid 
added gives a green precipitate which dissolves in ethet the eolation 
showing the spectrum f hg 11 but if boiling alcoholic potash bo 
omployed tho oonespon ling ethereal solution shows the spectrum of 
phyllotaonin Linder the influence of acetic ocii the latter again 
passos through the seneR of changes pieviously described That 
the ohanges induced on the one hand by acids and on the other by 
alkalis are dne m one case to hydration and m the other to dehydra- 
tion seems probe! le Aftu being heated to the melting point 
phyllotaonin gives solutions showing tho spectrum fig 12 bat by 
treatment of the fused snbstanco with alcoholic potash it returns to 
its original state It is difficult to attribute the change m this ease 
to anything but loss of water the latter being taken np again on 
treatment with alkali 

A potassium compound of phyllotaonin is obtained on adding 
potash to an aloohoho solution of the substanoe, it crystallises in 
noodles which are purple by reflected light The sodium compound 
obtained m tho samo way is haidly crystalline A boiling aloohoho 
solution of phyllotaonin to which cnpno acetate and aoetiu acid have 
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been added, deposits on cooling and standing a quantity of crystalline 
needles arranged in pretty rosettes which, after filtering off and dry- 
ing, appear bluish-green by reflected as well as by transmitted light 
and show no metallic lustre , the alooholio solution of this compound 
shows the same absorption spectrum as that of the corresponding 
phjllocyanin compound, and, like the latter, it is not decomposed norm 
any way changed by treatment with boiling hydroohlonc acid Similar 
oomponnds containing iron and silver may be obtained but their 
properties are not sufficiently intei osting to merit detailed desenp 
tion , they resemble the corresponding phyllocvamn compounds 

On adding metallic tin to a solution of phyllotaomn m hydro 
ohlono acid and allowing to stand, tho solution soon loses its bright 
blmsh-green colour, and becomes olive green, finally reddish yellow 
Water now gives a led precipitate, which filtered oft and washed 
dissolves in alcohol with a crimson colour, the solution showing a 
spectrum similar to that of the final produi t of the action of tm and 
hydrochlono acid on phyllcxyamn 

Though there can be little doubt as to the pui pie crystals formed by 
the action of hydroohlonc acid on an alcoholic solution of alkaline 
chlorophyll being an ethei I have not succeeded in reproducing it by 
tho diroct action of acid on an alcoholio solution of phyllotaomn 
The eolation retains its bluish gieen colour unchanged, deposits no 
crystals even on long standing and gives with water a preoipitate 
consisting of uncombined phyllotaomn A oom pound lesembling that 
in the purple crystals may, however be formed from phyllotaomn by 
a different process If to an alcoholic solution of phyllotaomn ethyl 
iodide and a little oauatio potash be added, the solution on boiling 
deposits a small quantity of a black powder, which being oollected on 
a filter and tueated with dilute acid, is found to be soluble in alcohol, 
ether, and chloroform, gmng purple solutions whioh show the same 
spectrum as solutions of the purple ciystals It is, however, easily 
soluble in aqueous alkali, and may therefore be a mono ethyl, tho 
other being a di ethyl ether It is probably identical with the com- 
]xmnd framed directly from phyllocyanm by a similar prooess, a» 
described m the first part of this memoir, in the solutions of whioh 
the spectrum (fig 13) so frequently refeired to was Inst observed. 
This very peculiar spectrum belongs, it appears to four distinot 
oompounds 

In order to explain the formation ot the purple ciystals by the 
process above described, we may suppose that by the influence of 
alkalis chlorophyll is first converted into a substance whioh by decom- 
position with acids yields phyllotaomn, and this m the nascent state 
and in contact with aloohol and hydrochlono acid undergoes etheri- 
fication 

Of the oompounds above desenbed I have analysed such as were 
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well crystallised and appeared to be pure, bat I will not giro the 
rewrite until I hare bad an opportunity of oor$rmmg them with 
fieihly prepared material The difficulty experienced in preparing 
sufficient quantities of pure substances from chlorophyll has proved 
a great drawback in this investigation and has much retarded its 
progress 

My friend Dr Bnrghardt, of the Owens College has had the 
kindness to examine at my request the ciystalline form (fig 2) of 
pbyllot&omn and icports as follows — 


Fto l 



Ciystal system monosymmcti ical oblique rectangular pi ism, formed 
by the combination of the ortho and olino pmacoids 
The terminal faces are a negative hemipyramid The faces b 
(010 Miller 01 «£» Nnnmann) predominate giving a vertioal 
tabular habit to the crystal 

It was impossible to obtain any measurements of tho angles owing 
to the smallness of (he ciystals and the ronghness of the faces The 
value, therefore of the hemipyramid indioes is unknown The faoes 
a ’ are 100 (Miller) oi mPm (Nanmsnn) whilst the faces ‘o’ are 
the negativo homipjramid —111 (Mrilei) or — mP (Naumann) 

They oleave parallel to the ortho pinacoid distinctly Examined in 
polarised light they exhibit depolarisation, on rotating the Nmol's 
prism the colour changing from a light yellow to a noh brownish 
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The subjeotof bacteriology has of late excited considerable interest, 
and is at present studied by a'great number bf investigators, both in 
this country and on the Continent. . Under these circumstances a new 
and improved method for the bacterioocopio analysis of air will be of 
nterest. 

There are several methods at present in use for this purpose, but 
it will only bo necessary to refer to two of these, in both of which 
solid media are employed. 

1. Hesse' t Method (‘ Mittbeilnngen ans dem Kaiserlichen Gesund- 
heitsamte,’ vol 2, p. 182). — This is the oldest process in which a 
solid medium is used for the nutrition of the micro-organisms, and is 
the one which 1ihs been most commonly employed. The principle of 
the process consists in drawing a known volume of air through a long 
wido tube, the inside of which is coated With Koch's nntriont gela- 
tine-peptone. As the air passes through the tube the micro-organisms 
settle on the jelly, and in the oonrse of a few days develop into 
xooglea or colonies, and thus become visible to the naked eye and may 
be counted. 

2. Dr. Percy Frankland'i Method (‘ Roy. 8oo> Prec vol. 41, p. 443 ; 
‘Phil. Trans.,' B, toL 178 (1887), p. 113).— This method consists 
essentially in aspirating a known volume of air through a small glass 
tube containing two sterile plugs consisting either, of glass-wool alone 
or of glass-wool ooOted with sugar. After a givet volume of air has 
been aspirated the two pings are transferred respectively to two flasks 
eaoh containing melted sterile gelatine-peptone and plugged with 
sterile cotton-wool stoppers. The ping is carefully agitated with the 
jelly so as to avoid any formation of froth, and when the ping has been 
completely disintegrated and mixed with the gelatine the latter is 
oongealed so as to form an even film over the inner snrface of the 
flask. On inoubating these flasks at a temperature of 20° 0., the 
colonies soon begin to appear and may be counted. 

New Method. — The new process which forms the subject of the 
present communication is a modification of Hesse’s method, in which 
a flask is substituted for a tube. 

The flask employed is oonical in form and has a capacity of about 
half a litre. The flask is fitted with a two-holed india-rubber stopper. 
Through one hole passes the “ entrance tnbe " AA. This is a piece 

YOt. xmt. 2 « 
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of glass tnbe about 8 inches long and § inch* internal diameter It 
extends about two thirds of the way down the fhuk, and is closed at 
the outer end by a glass stopper B fitted on with t piece of India rubber 
tubing Into the other hole of the stopper u fitted the exit tnbe 
CO Thu is simply a piece of ordinary glAss tubing (about \ mcb 


Fio l 



diameter) bent round at the lower end so that it opens m the neck 
if the flask just nnder the india-rubber t topper It u open at both 
ends, but oontains two cotton wool pings to prevent any micro 
organisms passing back into the flask from the ontside air 

10 o o of Koch b gelatine peptone are introduced into the flask and 
the stopper tied on with copper wire The flask is then sterilised by 
heating in steam at 100° C for an hour and allowed to oool, whereby 

• Tbs entranoe tnbe muit hue at least th i width for if it be too narrow mots 
turn from tl e jelly forma during etenl setion on the made of the tube and on 
ooolmg runt down and oolleots a* a drop on the end to that tl e air on entering the 
flask hss to pus through this drop of water which Urns retains some of the micro 
organisms and so vitiates the results lhis however is entirely obviated by using 
a tnbe of the prescribed width 
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an even layer of gelatine solidifies at the bottom of the flask On 
taking the flask ont of the steriliser it is generally necessary to care* 
fully nnae the ]olly round the sides of the flask so as to take np any 
steam which may have condensod there and which might subsequently 
oollpct m drops and ran down on to tho colonies and inoculate the rest 
of the jelly 

In doing this oare should be taken to avoid frothing of the jelly 

In taking a sample of air the aspirator is attachod to the oxit- 
tnbe C, and tho india-rubber tube and stopper B removed from the 
end of A A known volume of air is then drawn through the flask, 
after whieh tho stopper is replaced As the air passes through the 
flask tho micro otgamsms settle on the jelly, and in the course of a 
few days dovolop into colonies and may be counted If thire are a 
large number of micro organisms present the bottom of the flask may, 
for convenience in oonnting, be marked out into Bquares with ink 
The rato of aspiration we have employed is the samo as m Hesse’s 
process, vis about 1 litre in three minutes Usually the micro- 
organisms are deposited more or less directly under the lower ond of 
the entrance tube, while none aro deposited on the sides of the flask, 
even though the latter be ooated with jelly, which would seem to 
indicate that no micro organisms pass over into the exit tube 

At first sight it Hoemed very likely that on account of tho an having 
to pass through an entrance tube 8 inches long, a number of the 
micro organisms might adhere to the side of the tube and never reach 
the jelly so that the remits obtained would be too low In older to 
ascertain whether this was the case or not, a numbei of flasks were 
prepared in which the inside of the entrance tube was coated with a 
thin layer of jelly The samples of air were then taken in tho usual 
way and after sufficient time had been allowed for the development 
of the oolomoB, the number m the flask and in the entrance tubo were 
counted, with the following results — 


Table I 


No 

Cmounutances 

Tol of sir 
taken 

No of colonies 
in Husk 

No of colonies 
in entrance tube 

1 

Dusty sir 

400 o o 

287 

8 

2 

Dustv air 

600 

145 


8 

Dusty mt 

600 

At least 100 

4 


Unfortunately we omitted to count the colonies in No 3 for a day 
or two, when it was found that a number of them had run together, 
but there were at least 100, and probably many more The above 
results show that only about 1 per cent of the micro organisms 
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adhered to the sides of the entrance tube, even when the latter was 
coated -with jelly, so that under ordinary conditions the number so 
adhering would probably be very wneb less This apparent source of 
error, therefore, may be entirely neglected when the width of the 
entrance tube is not loss than that prescribed. 

In order to test the quantitative aecni-aey of the method, a number 
of comparative experiments were made by collecting samples of air 
simultaneously in the flasks and in Hesse tubes, plaoed side by side. 
On p. 458 is a table of the results obtained in this way. in comparing 
these results it muRt not be forgotten that, oven when two Hosse 
tubes aro compared the ono against the other, it is only occasionally 
that identical numbers arc obtained in each tnbo Thus ono may get 
six in one tube and eight m tho other, or tw enty in one tube and 
twenty -throe in the other, and so on, the difference vary ing according 
to the total number of micro-orgauisms present 

From the above table it will bo soon that m nearly all rases the 
number of micro-organisms (both bacteria and moulds) in the tube 
and in tho flask corresfioiid almost exactly In Nos. C, 7, 9, 15, 1C, 
and 19, however, this is very far from being the rase, for in each of 
these the flask method gave very much lower results limn the Hesse 
tube. Of these six non-concordant experiments, four were made in 
outside air, and the other two in schoolrooms in which there was a 
considerable draught, for tho day being warm, the windows and doors 
were all open. 

Now Dr Percy Frank I and (Inc. eil.) lias conclusively proved that 
Hesse’s method does not give reliable results for outside air, except 
on calm days. He made a number of experiments in which a control 
tube was used side by side with tho aspirated tube, and m this way 
he was able to obtain a rough ldoa of tho nnmber of micro-organisms 
which gain occesR to a Hesso tube, irrespective of aspiration. In 
illustration of this wo may quote a few of his results : — 


Moderate 

Slight 

Moderately atrong 
Moderately strong . 
Moderate, but variable 

Moderate 

Strong 

Strong 

Slight 


il of air | Micro- 
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FVom these experiments it is evident that Hesse s method is not 
reliable for outside air, except when there is little or no wind 

By reference to Table 11 it will bo obseived that, of the six 
experiments made in outside air only two were concordant, the 
discrepancy in the othei four bong very considerable In order to 
Uarn if this discrepancy was due to the effect of the wind, the state 
of the latter was ascertained from tho Observatory at the Dundee 
Harbour, for all tho dates on which experiments had been made in 
ontside air The results were as follows — 


Table IV 


No 

Direction 

°*d 

Mdu 

h^r 

Wind u felt 

Micro 

»“ 3ST 

' tube 

Micro 
organ i»m« 

2 

8 W 

7 

Little or i >nr 

April 22nd , 8 

3 

3 

8 

Cl 

T title or none 

April 23rd 13 

12 

7 

8 W to 8 

l 

Might be guitv 

April 88th 47 

11 

9 

BtoNK 

11 

Steady 

May 2nd ' 59 

26 

16 

W toSW 

18i 

Guety 

May 10th 1 60 

11 

19 

WtoNW 


Guaty 

May Slit 22 

5 


In the two cases in which the number of micro organisms in the 
flask corresponded with that in the tube little or no wind was felt, 
and the wind was travelling at the rate of about 0 miles per hour , 
wheieas in tho other four cases in which discordant results were 
obtained the wind was travelling at an average of about 10 miles per 
hour, and was gusty besides It would seem therefore that the 
flask method gives more correct results than Hesse tubes for outside 
air when thoro is any aenal disturbance 

The only two cases in whioh there was any discrepancy for inside 
air were Nos 6 and 15 Both of these were samplts of school air, 
and it was noted at the time the samples wero taken that in both 
cases there waB a considerable draught through the rooms for the 
day being warm, the windows and doors were all open On oom* 
paring the determinations of carbonic acid made m these rooms at the 
same time, it was found that in both they were comparatively very 
low, ns, 106 vols per 10000 in No 0 and 7 1 vols in No 15, 
whereas average school air in Dundee oontaius about 19 vols of car- 
bonic aoid per 10,000 This comparatively low amount of oarbpme 
acid can only be accounted for by the fact that there must have been 
a draught in the room at the time the experiments were made 
Experiments wore also made in order to ascertain if any micro* 
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organisms gained entranoe to the flask* irrespective of aspiration, 
corresponding experiments being made simultaneously with Heese 
tubes. For this purpose a pair of flanks and a pair of Hesse tubes 
were simultaneously exposed to the outside air for the name length of 
time, but without aspirating air through any of them. The exit tube 
(which in an ordinary experiment in connected with the aspirator) of 
one of each pair of flasks and tubes was stoppered, and the exit tube 
of the other flask and tube loft unstoppered. The entranoe to each 
flask and tube was of course left open. The total number of colonies 
obtained in each case wore as follows, the numbers in brackets being 
the number of moulds : — 


Table V 






tubee. 

FlneU 

So 

Stut© of wind 

Time 
of ex- 

- 

— 




poaure. 

Stoppered 

Un- 

etoppered 

Stoppered , 

1 

Very strong 

i hour 


23 ri] 

.. * L0 

2 

Gentle ..... 

i „ 

si*] 

iril 

o 1 o 

8 

Gentle . . 

1 »> i 


i(ij 

0 1 0 

4 

Moderately etrong 


8 [«] 

i*[«] 

1 


end variable . . . 

i „ 

1 0 

s 

Bather etrong and 


8[0] 

0 | 1 [0] 


variable ... ... 

i 

12 [0J 

6 

Bather etrong and 



o 1 ip»] 


TarUhl8 

t ,, 

45(8] 

83 Cl] 


Thus out of ten flasks exposed to tho air for half to ono hour, 
only three were contaminated, and these only very slightly, and on 
very windy days, whereas tho Hesse tubes were considerably contami- 
nated. It is thus seen that the flask method, unlike the Hesse tube 
method, is practically free from vitiation by aerial disturbance. 

We can fully confirm Dr. P. Frankland’s statement that Hesse's 
method gives good results in cases whero the air is still and free from 
draughts, as in most inside buildings and outside on calm still days, 
for under these conditions Hesso’s method agrees remarkably well 
both with Frankland's process and with our own; whereas in a dis- 
turbed atmosphere, as in outside air on windy days, or in buildings 
where a strong draught prevails, Hesse’s method gives results which 
are considerably in excess of thoso obtained either by Frankland's 
method or by onr own. 

The following are the chief advantages of the new method : — 

(I.) It possesses, in common with Hesse’s and Frankland’s processes, 
the advantages of a solid nutrient medium. 
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(2.) It gives accurate results, as shown by comparative tests. 

(3.) There is no risk of aerial contamination either during the 
preparation of the flasks previous to use, or subsequently during the 
growth of the colonies. 

(4.) It is very much cheaper than Hesse’s method, for a flask fitted 
ready for nse costs only about Is. 8d. (exclusive of jelly), where a 
Hesse’s tube costs about 3s. This is a very material item whon a 
largo number of experiments are to be made. 

(6.) The flasks being of thin glass very rarely break during sterili- 
sation, whereas this is a serious source of annoyance and expense 
in the case of Hesse’s tubes. 

(fi ) There is not the least chanoo of leakage during sterilisation, 
as sometimes occurs with Hesse's tubes, for in the latter method the 
india-rubber caps have to be very oarefnlly fitted on, since with the 
slightest crease in the india-rubber the tubes ore sure to leak during 
sterilisation, with consequent loss of jolly, which entails refitting and 
refilling. 

(7.) There is a great saving in jelly. A flask needs only 10 o.o., or 
one-fifth the quantity required by a Hesse tube. In a long series of 
experiments the cost of jelly is very considerable, both in the expense 
of the materials and the time required to make it. 

(8 ) In common with Frankland’s process the flask method is free 
from errors arising from “ aerial currents,” which are sometimes so 
serious a souroo of error in Hesse’s tubes when employed for deter- 
minations in outside air, such currents being apt to blow micro- 
organisms into a Hesse tube over and above those contained in the 
volume of air aspirated. 

(9.) An advantage which tho flask method possesses over Frank- 
land's process is that in the former the micro-organisms pass directly 
on to the nutrient jelly in the flask, whereas in the latter they are first 
entangled in the glasB-wool filter, and afterwards transferred to the 
cultivating medium, when they are disentangled from the glass-wool 
by agitation with the jolly, an operation wbioh would seem to require 
considerable care. Again, in Frankland’s prooess the micro-organisms 
are embedded in the mass of the jolly, while in our method they fall 
and grow directly on the surface. 

(10.) On the other hand Frankland’s method possesses two import* 
ant advantages ; first, on account of the small sixe of his filter tabes, 
they admit of being carried from place to place without inconvenience, 
whereas flasks and Hesse tubes are comparatively bulky. This is 8 
great point when a large number of determinations are to be made at 
different places away from the laboratory. Second, the air can be 
aspirated through one of Frankland’s filters about four times as fast 
as through a Hesse’s tube, which is of considerable advantage in the 
ease of determinations in outside air, where at least 10 litres require 
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to be aspirated, though it is of no oonseqnenoe for the air of building* 
where the aspiration of only one-half, or at most 1 litre of air is 
necessary, and occupies loss than two minutes. The rate of aspiration 
we have employed with our own method has been tho game as with 
Hesse tubes, vis., 1 litre in three minutes. It is not at all unlikely, 
however, that a more rapid rate might be adopted without affoeting 
the aoouraoy of the results. 

Addendum. Received April 22, 1888. 

The following experiments were made for the purpose of testing 
whether any mioro-organisma pass into the exit tube or become 
attached to the under side of the cork. 

A. At regards the Postage of Orgamrms into the Exit Tube. 

In these experiments, the flask was fitted up and charged with 
jelly in the ordinary mannor, except that a little jelly was also placed 
in the bend of the exit tube. The whole was then sterilised as usual, 
and, during the subsequent cooling, the flask was so manipulated that 
a coating of jelly was formed over tho inside walls of the exit tube, 
keeping clear, however, of the cotton-wool plugs. Half a litre of air 
was then drawn through each flask at the rate of 1 litre in three 
minutes. Tho samples were collected in a room in which a slight 
dust had been raised by tho shaking of a door-mat. After the lapse of 
eight days, the number of colonies counted in each flask was as 
follows. In no case were any colonies found in tho exit tube. 



Pari litre t 

In Seek 

f iur 

In exit 
tube 


Experiment I 

About 800 

0 

Collected jart after railing 
of cu»t. 

Experiment 11 .. 

About 800 

0 

Collected after a few mi- 
nute* 1 interval 

Experiment III . . 

About 860 

0 

Collected after a few mi- 
nute*’ interval. 

Experiment IV .. 

About 180 

0 

Collected after a further in- 
terval of a few minute*. 


B. At regards the Attachment of Organisms to the Under Bide of the 
Cork. 

The flasks were charged and sterilised in the ordinary way, but 
during cooling, after sterilisation, the flask was so manipulated aa to 
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allow the jelly to form a tbin coating over the under side of the cork. 
Half a litre of air was then drawn through each flask at the rate of 
1 litre in three minutes. The samples were oolleoted as before, 
except that the dost raised was not nearly so great. After nine days, 
the following number of oolonies had developed on the jelly in the 
flasks, but not a single one was observed on the under side of the 
corks — 


I 

Per i litre of air. 


1 

In fl«*k, 

On oork 


Experiment I 

67 

° 

Collected ju*i after ruling of 

Experiment II 

28 

; 

0 

! 

Collected after an interval of a 
few minute* 


The above results show, therefore, that, with an aspiration of 
1 litre of air in three minutes, all the organisms are deposited on the 
jelly at the bottom of the flask, and that none reach the cork or exit 
tube. This result is probably due not only to the action of gravity, 
but also to the initial velocity, with which the organisms leave the 
month of the entrance tube and enter the flask, being such as to 
project them on to the Burface of the jolly at the bottom of the flask, 
where they stiok and have not the chance of rising again 



OBITUARY NOTICES OF FELLOWS DECEASED. 

Chxrlbb Robert Diawnf was the fifth child and second son of 
Robert Waring Darwin and Snsnnnah Wedgwood and wan bom on 
the 12th February, 1809, at Shrewsbury, where his father was a 
physician in large practice 

Mrs Robert Darwin died whon her son fhai lea was only c lght years 
old, and ho hardly remembered her A daughter of the famous 
Josiah Wedgwood, who created a new branch of the potter s art, and 
established the great woiks of Etruna, ronld hardly fail to transmit 
important mental and moral qualities to her children , and thorn is a 
solitary record of her direot influence in the story told by a school- 
fellow, who remembers Charles Darwm “ bringing a flower to school, 
and saying that his mother had taught him how, by looking at the 
inside of the blossom, the name of the plant oonld be discovmed ” 
(I, p. 28 *) 

The theory that men of genius derive their qualities from their 
mothers, however, can hardly derive support from Ch irles Darwin’s 
case, in the face of the patent influence of his paternal forefathers 
Dr Darwin, indeed, though a man of marked individuality of chaiac- 
ter, a qmck and acute observer, with much practical sagacitj, is said 
not to have had a acientific mind But when his urn adds that 
bis father “ formed a theory for almost everything that occurred ” 
(I, p 20), he indicates a highly probable source for that inability to 
refrain from forming an h>po thesis on every subject which he eon 
fosses to be one of the leading characteristics of his own mind, 
some pages further on (I, p 103) Dr R W Darwin, again, was the 
third son of Erasmus Darwin, also a physician of gioat icpute, 
who shared the intimacy of Watt and Priestley, and was widely 
known as the author of * Zoonomia ’ and other voluminous poetical 
and prose works which had a great vogue in the latter half of the 
eighteenth century The oelebnty which they enjoyed was in part 
due to the attractive style (at least according to the taste of that 
day) in whioh the author’s extensive, though not very profound, 
acquaintance with natural phenomena was set forth , but in a still 
greater degree, probably, to the boldness of the speculative views, 
always lngemqps and sometimes fantastic, in which he indulged The 
conception of evolution set afoot by De Maillet and others, in the 
early part of the century, not only found a vigorous champion in 

* The reference* throughout thu notice sre to the ' Life sad Letters,’ unlew the 
«»trsjy u expressly stated. 
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Erasmus Darwin ,-bnt he propounded an hypothesis as to the maimer 
in which the species of animals and plants have acquired their 
characters, which is identical in principle with that subsequently 
rendered famous by Lamarck 

That Chatles Darwin s chief intellectual inheritance came to him 
from the paternal side then, is hardlj doubtful But there is nothing 1 
to show that he was to any sensible extent, directly mflnenoed by 
his grandfathers biological woik He tells ns that a perusal of 
the ‘ Zoonomia ’ in early life produced no effect upon him, although 
he greatly admired it— and that on reading it again, ten or fifteen 
years afterwards he was much disappointed, “the proportion of 
speculation being so large to the facts given ” Bnt with Ins usual 
anxious candour he adds Neveithokss it is probable that the hear* 
ing, rather early in life snch views maintained and praised may 
have favoured my upholding them, in a different form, in my ‘ Origin 
of Species ’ (1 p 38 ) Erasmus Darwin was in fact an anticipator 
of Lamarck, and not of Charles Darwin there is no trace in his 
works of the conceptions by the addition of which hia grandson 
metamorphosod the theory of evolntion as applied to living things 
and gave it a new foundation 

Charles Darwin s childhood and youth afforded no intimation that 
he would be, or do, anything out of the common run In fact, the 
prognostications of the educational authorities into whose hands he 
first fell, were most distinctly unfavourable , and they oounted the 
only boy of original genius who is known to hpve come under their 
hands as no better than a dunce The history of the educational 
expei iments to which Darwin was subjected is curious, and not with- 
out a raoial for the present generation There were four of them, 
and thiee were failures Yet it cannot be said that the materials on 
which the pedagogic powers operated were other than good In his 
boyhood Darwin was strong well grown and active taking the keen 
delight in field sports and in every description of hard physical 
exercise which is natuial to an English country bred lad, and, in 
respect of things of the mind, he was neither apathetic, nor idle, nor 
one sided The 'Autobiography ’ tells us that he “ had much seal for 
whatever interested ” him and he was interested in many and very 
diverse topics He oould work hard, and liked a complex subject better 
than an easy one The ‘ oleai geometrical proofs ” of Euclid delighted 
him Hu interest in practical chemistry, earned out in an extern* 
porued laboratory, in which he was permitted to assut by bis elder 
brother, kept him late at work, and earned him the nickname of 
" gas ’ among his schoolfellows And there oould have been no m. 
sensibility to literature in one who, aa a boy, oould sit for hours 
reading Shakespeare, Hilton, Scott, and Byron , who greatly admired 
some of the Odes of Horace , and who, in later years, on hoard the 



“ Beagle," when only one book oonld be earned on an expedition, 
chows a volume of Milton for his companion 
Industry, intellectual interests, the capacity for taking pleasure m 
deductive reasoning, in observation, in experiment, no less than in 
the highest works of imagination where these qualities are present 
any rational system of education should surely be able to make some* 
thing of them Unfortunately for Darwin, the Shrewsbury Gram- 
mar School, though good of its kind, was an mstitntiou of a type 
universally prevalent in this country half a century ago, and by no 
means extinot at the present day The education given was u strictly 
classical,’' “ especial attention ” being " paid to verso making," while 
all other subjects, except a little ancient geography and history, were 
ignored Whether, as in some famous English schools at that dato 
and much later, elementary arithmetic was also left out of sight does 
not appear , but the instruction in Euclid which gave Charles Danrwm 
so much satisfaction was certainly supplied by a private tutor That 
a boy, even in his leisure hours, should permit himself tobemteiested 
in any bnt book-learning seems to have been regarded as little better 
than an outrage by the head master, who thought it his duty to 
administer a public rebuke to young Darwin for wasting his time r n 
such a oontemptible subject as chemistry English composition and 
literature, modern languages modern history, modem geography, 
appear to have been considered to bo as despicable as ohemistry 
For seven long years, Darwin got through his appointed tasks 
construed without cribs, learned by rote whatevei was demanded, 
and oonoocted his verses in approved schoolboy fashion And the 
resnlt, as it appeared to his mature judgment, was simply negative 
“ The school as a means of education to me was simply a blank ” 
(I, p 82 ) On the other hand, the oxtraneous chemical exercises, 
which the head master treated so conturaohously, are gratefully 
spoken of as the “ best part ’ of his education while at school 
Snob is the judgment of the scholar on the school as might be 
expected, it has its counterpart m the judgment of the school on the 
scholar The collective intelligence of the staff of Shrewsbury School 
could find nothing bnt dull mediocrity m Charles Darwin Tbe mind 
that found satisfaction in knowledge, but very little in mere learning, 
that oonld appreciate hterature, but had no particular aptitude for 
grammatical exercises, appeared to the “ strictly classical” pedagogue 
to be no mind at all As a matter of fact, Darwin's school education 
left him ignorant of almost all the things which it would have been 
well for him to know, and untrained in all tbe things it would 
have been useful for him to be able to do, in after life Drawing, 
praotioe m English composition, and instruction in the elements of 
the physical scipnoe *, would not only have been infinitely valuable 
to him m reference to his future career, but would have furnished 
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the discipline suited to his faculties, whatever that oaneer might he 
And a knowledge of French and German, especially the latter, 
would have removed from his path obstaoleo which he never folly 
overcame 

Thus, starved and stunted on the intellectual side, it is not sur- 
prising that Charles Darwin's energies were directed towards athletic 
amusements and sport, to suoh an extent, that even his kind and 
sagacious father oould he exasperated into telling him that “ he cared 
for nothing but shooting, dogs, and rat-oatchwg ” (I, p 12 ) It 
would be unfair to expect even the wisest of fathers to have foreseen 
that the shooting and the rat-catching, as training m the ways of 
quiok observation and in physical endurance, would prove more vain- 
able than the construing and verse-making to his son, whose attempt, 
at a later period of his life, to persuade himBelf “ that shooting was 
almost an intellectual employment it required ho mneh skill to judge 
where to hnd most game and to hunt tho dogs well ” (I, p 41), was 
by no means so sophistical as ho seems to havo beon ready to admit 

In 1825, Dr Darwin came to the very just conclusion that his son 
Charles wonld do no good by remaining at Shrewsbury School, and 
sent him to join his elder brother Erasmus, who was studying mediomo 
at Edinburgh, with the intention that the younger son should also 
become a medical practitioner Both sons, however, were well aware 
that their mh< n tones wonld relieve them from the urgency of the 
struggle for existence which most professional men have to face, and 
they seem to have allowed their tastes, rather than the medical 
cnmculum, to have guided their studios Erasmus Darwin was 
debat red by constant ill-health from socking the pnbhe distinction 
which his high intelligence and extensive knowledge would, under 
ordinary oirou instances, have insured He took no great interest m 
biological subjects, but his companionship must have had its influence 
on bis brother htill more was exerted by friends like Coldstream and 
Grant, both subsequently well-known zoologists (and the latter an 
enthusiastic Lamarckian), by whom Darwm was induced to interest 
himself in marine zoology A notice of the ciliated germs of Fluitra, 
communicated to the Plinian Sooiety in 1826, was the first fruits or 
Darwin’s half oentury of scientao woi k Occasional attendance at the 
Wernerian Sooiety brought him into relation with that excellent 
ornithologist the elder Macgillivray, and enabled him to see and 
hear Audubon Moreover, he got lessons in bird-stuffing from a 
negro, who had accompanied the eooentrio traveller Waterton in his 
wanderings, before settling m Edinburgh. 

No doubt Darwm pioked np a great deal of valuable knowledge 
during his two years’ residence in Scotland , but it is equally dear that 
next to BQ&e of it came through the regular channels of aoademio 
education. Indeed, the influence of the Edinburgh piofeseanata 



appeara to have been mainly negative and in noma cases deterrent, 
creating in his mind, not only a very low estimate of the value of 
lectures, but an antipathy to the subjocts which had been the oooaaion 
of the boredom inflicted upon him by their instrumentality With 
the exception of Hope, the Professoi of Chemistry Darwin fonnd 
them all “intolerably dull” lorty years afterwards he writes of 
the lectures of the Professor of Materia Medica that they were 
“fearful to remomber ’ The Professor of Anatomy made his 
lectures “ as dnll as he was himself and he must have been very dull 
to have wrong from bis victim the sharpest personal remark recorded 
at his Bat the climax seems to have been attamod by the Professor 
of Geology and /oology whose preelections wore, so “ more libly dnll ’ 
that they produced in their hearer the somewhat rash deteimination 
never “ to read a book on geology or in any way to study the science ” 
so long as he lived (I p 41 ) 

There is much reason to believe that the lectures in question were 
eminently qualifaod to produce the unpiession which they made and 
thoie can be little doubt that Darwin s conclusion that bis time was 
better employed in reading than in listening to such lectures was 
a sound one But it was pai ticalai ly unfortunate that the personal 
and professorial dulness of the Professor of Anatomy combined with 
Darwin s sensitiveness to the disagreeable concomitants of anatomical 
work, drove him away from the dissecting room In after life he 
justly recognised that this was an “ irremediable evil ’ in reference to 
the pursuits he eventually adopted indeed, it is marvellous that he 
succeeded in making up for Ins lack of anatomical discipline, so far SB 
his woik on the Oimpedea shows he did And the neglect of anatomy 
bad the further unfortnnato result that it excluded him from the best 
opportunity of bringing himself into direct contact with the facts of 
nalore which the University had to offer In those days, almost the 
only practical scientific work accessible to students was anatomical, 
and the only laboratory at then disposal the dissecting room 

We may now console ourselves with the reflection that the partial 
enl was the general good Darwin had already shown an aptitude 
for practical medicine (I, p T7) , and his subsequent cafoor proved 
that he bad the making of an excellent anatomist Thus, though his 
horror of operations would probably have shut him off from Burgory, 
there was uothing to pi event him (anymore than the same peculiarity 
prevented his father) from passing successfully through the medical 
oumoulum and becoming, like his father and grandfather, a successful 
physician, in which oase ‘ The Origin of Species 1 would not have been 
written Darwin has jestingly alluded to the fact that the shape of 
his nose (to which Captain Fitsroy objected), nearly prevented his 
embarkation in the “ Beagle ’ , it may be that the sensitiveness of that 
organ secured ban for scienoe. 
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At the end of two jeers' residence in Edinburgh, it hardly needed 
Dr Darwins sagacity to oonolude that a young man, who found 
nothing but dnlnees in professorial lucubrations, oould not bring 
himself to endure a dissecting room, fled from operations, and did 
not need a profession as a means of livelihood, waa hardly likely 
to distinguish himself as a student of medicine He therefore 
made a new suggestion, proposing that hit son should enter an 
English University and qualify for the ministry of the Church 
Charles Darwin found the proposal agreeable, none the less, probably, 
that a good deal of natnral histoiy and a little shooting were by no 
means held, at that time, to be incompatible with the conscientious 
perfoimance of the duties of a country clergyman Bat it is char- 
acteristic of the man, that he asked time for consideration, in order 
that he might satisfy himself that he could sign the Thirty-nine 
Articles with a cleaz conscience Howevei, the study of “ Peaison on 
the Creeds and a few other books of divinity soon assured him 
that his religious opinions left nothing to be desired on the score of 
orthodoxy, and he acceded to his lather s proposition 

The English University selected was Cambridge , but an unexpected 
obstacle arose from the fact that, within the two years which had 
elapsed since tho young man who had enjoyed seven years of the 
benefit of a strictly classical eduoation had left school, he had forgotten 
almost everything ho had learned there, even to some few of the Greek 
letters ” (I, p. 46 ) 1 hree months with a tutor, howevei , brought him 
back to the point of translating Homei and the Greek Testament 
“ with moderate facility, and Charles Darwin oommenoed the third 
educational experiment of whioh he was the subject, and was entered 
on the books of Christ s College in Octobei 1827 So far as the direct 
results of the aoademio training thus received are oonoerned, the English 
University was not more successful than the Scottish “ During the 
three years which 1 spent at Cambridge my time was wasted, as far as 
the academical studies were oonoerned, as completely as at Edinburgh 
and as at school (I, p 46 ) And yet, as before, there is ample 
evidence that this negative result cannot be put down to any native 
defect on the part of the scholar Idle and doll young men, or even 
young men who being neither idle nor dull, are incapable of oaring for 
anything but some hobby, do not devote themselves to the thorough 
study of Paley s ‘ Moral Philosophy,’ and 1 End enow of Christianity’, 
nor are their reminiscences of this particular portion of their studies 
expressed in terms suoh as the following “ The logic of this hook 
{.the 'Evidences ’] and, as I may add, of his ‘ Natnral Theology ’ gave 
me as much delight as did Endid ’ (I, p 47 ) 

The collector’s instinct, strong m Darwin from his childhood, as is 
usually the case in great naturalist*, turned itself in the direction of 
Insects during his residence at Cambridge, In childhood, it had bean 
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damped by the moral scruples of a sister, as to tho propnety of 
ca tc hing and killing ineecta for the mere sake of possessing them, 
but now It broke ont afresh, and Darwin became an enthusiastic 
beetle oolleetor Oddly enough he took no scientific interest in 
beetles, not even troubling himself to make out their names, his 
delight lay in the capture of a species which tnrncd ont to be rare or 
new, and still more in finding his name, as captor, recorded m punt. 
Evidently, this beetle-hunting hobby had little to do with science, 
but was mainly a new phase of the old and nndimimshed love 
of sport In the intervals of beetle catching, when shooting and hunt- 
ing were not to be bad, tiding across conntiy answered tho purpose 
These tastes naturally threw the young andet graduate among a set of 
men who prefered haid nding to hard reading, and wasted the mid- 
night oil upon other pursuits than that of academic distmoMoa 
A superficial observer might have had Rome grounds to fear that 
Dr Darwin's wrathful prognosis might yet be venhed But if the 
eminently social tendencies of a vigorous and gonial nature sought an 
outlet among a set of jovial sporting friends, there weie other and no 
less strong proclivities which brought him into relation with associates 
of a very different stamp 

Though almost without e&i and with a very defective memoiy for 
motto, Darwin was so strongly and pleasurably affe* ted by it that he 
became a member of a musical society , and an equal lack of natmal 
capacity for drawing did not prevent him from studying good works 
of art with mnoh care 

Aft acquaintance with even the rudiments of physical science was no 
part of the requirements for the ordinary Cambridge degree But 
there were prolessors both of Geology and of Botany whose lectures 
were accessible to those who chose to attend them The occupants of 
these chairs, in Darwin’s time, were eminent men aud also admirable 
lecturers in their widely different styles The horror of geological 
lectures which Darwin had acquired at Edinburgh, unfortunately 
prevented him from going within reach of the fervid eloquence of 
Sedgwiok , bat he attended the botanical oourse, and though he paid 
no serious attention to the subject, be took great delight in the 
oountry excursions, which Henslow so well knew how to make 
both pleasant and instructive Ihe Botanical Professor was, m 
fact, a man of rare character and singularly extensive acquirements 
in all branches of natural history It was his greatest pleasure to 
place his stores of knowledge at the disposal of the young men who 
gathered about him, and who found in him, not merely an encyclo- 
pedio teacher bnt a wise oounseller, and, in oase of worthiness, a warm 
fnsnd. Darwin's acquaintance with him soon ripened into a friend- 
ship which was terminated onjy by Henslow’s death in 1861, when 
his quondam pupil gave touching expression to his sense of what he 



owed to one whom ha culls (in on© of hia letter*) hi* u d leer old 
master in Natural History.” (U, p. 217.) It was by Henslow’s 
advice that Darwin was led to break the tow he had registered 
against making an acquaintance with geology ; and it waa through 
Henslow’s good offices with Sedgwick that he obtained the oppor- 
tunity of accompanying the Geological Professor on one of his 
excursions in Wales. He then received a certain amount of practical 
instruction in Geology, the value of which ho subsequently warmly 
acknowledged. (I, p. 2S7.) In another direction, Henslow did him 
an immense, though not altogether intentional service, by recom- 
mending him to bay and study the recently published flnt volume of 
Lyell's ‘ Principles.' As an orthodox geologist of the then dominant 
catastrophic school, Honslow acoompanied his recommendation with 
the admonition on no aooount to adopt Lyell’s general views. But the 
warning fell on deaf ears, and it is hardly too much to say that 
Darwin’s greatest work is the ontcome of the unflinching application 
to Biology of the leading idea and the method applied m the * Prin- 
ciples ’ to Geology.* Finally, it was through Henslow, and at hi* 
suggestion, that Darwin was offered the appointment to the “ Beagle ” 
as naturalist. 

During tho latter part of Darwin’s residence at Cambridge tbe 
prospect of entering the Church, though the plan was never formally 
renounced, seems to have grown very shadowy. Humboldt's 
1 Personal Narrative,’ and Hersohel’s ‘ Introduction to the Study 
of Natural Philosophy,’ fell in his way and revealed to him his real 
vocation. The impression made by the former work was very strong. 
“My whole course of life,” says Darwin in sending a message to 
Humboldt, “is due to having read and rc-read, as a youth, bis 
personal narrative.” (I, p. 336.) The description of Trmeriffe 
inspired Darwin with suoh a strong desire to visit the island, that 
he took some steps towards going there— inquiring abont ships, and 
so on. 

But, while this project waa fermenting, Henslow, who had been 
asked to reoommend a naturalist for Captain Fitsroy’s projected ex- 
pedition, at onoe thought of his pupil. In his letter of the 24th August, 
1881, he says : “ I have stated that I consider you to be the best 
qualified person I know of who is likely to undertake suoh a situation. 

I state this— noton the supposition of your being a finished naturalist, 
but as amply qualified for collecting, observing, and noting anything 
worthy to be noted in Natural History .... The voyage is to 

* “ After toy return to England it appeared to me that by following the example 
of Lyell in Geology, and by collecting all facte which bore In any way on the varia- 
tion of animal* and plants under domestication and nature, some light might perhaps 
be thrown on the whole enbjeet [of the origin of iperiee]." (I, p. 88.) See the ' 
the dedication of the eeeond edition of the 1 Journal of, a Naturaliet.’ 
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last two jews, and if you take plenty of booka with you, anything 
you please maybe done ” (I, p 193 ) The steteof the case oould not 
have been bettei put. Assuredly the young naturalists theoretical 
and practical scientific training had gone no further than might 
suffice for the outfit of an intelligent collector and note taker He 
waa fully conscious of the fact and his ambition hardly rose above 
the hope that he should bring back materials for the scientific 
“ lions ’ at home of sufficient excellence to prevent them from 
turning and rending him (I, p 248 ) * 

But a fourth educational experiment waa to be tned This time 
Nature took him in hand herself and showed him the way by whiob, 
to borrow Henslow’a prophetic phrase, “ anything he pleased might 
be done ” 

The conditions of life presented by a ship of war of only 242 tons 
burthen, would not, pntnd facie, appear to be so favourable to intellec- 
tual development as those offered by the cloistered retirement of 
rhnst’B College Darwin had not even a cabin to himself while m 
addition to the hmdianoo* and interruptions incidental to sea life, 
which can be appreciated only by those who have had experience of 
them, sea sickness came on whenever the little ship was * lively and 
considering the circumstances of the cruise, that must have been her 
normal state Nevertheless, Darwin found on board the ‘ Beads ’* 
that which neither the pedagogues of Shrewsbury nor the profefl 
senate of Edinburgh, nor the tutors of Cambridge had managed to 
give him “ I have always folt that I owe to the voyage the first real 
t raining or education of my mind (T p 61) , ’ and in a letter written 
as he waa leaving England, he calls the voyage on which he was 
starting, with just insight, his second life ’ (I p 214 ) Happily 
for Darwin's education, the school time of the ‘ Beagle ” lasted five 
years instead of two , and the countnes which the ship visited were 
singularly well fitted to piovide him with object leBsona on the nature 
of things of the greatest value 

While at sea, he diligently collected, studied and made copious 
notes upon the surface Fauna But with uo previous training in 
dissection, hardly any power of drawing and next to no knowledge 
of comparative anatomy, his occupation with work of this kind — 
notwithstanding all his seal and indnstiy — resulted for the most part, 
in a vast accumulation of useless manuscript Some acquaintance 
with the marine Onutaeea, observations on Planana and on the 
nbiquitous Sagxita seem to have been the chief lesults of a great 
amount of labour m this direction 

It waa otherwise with the terrestrial phenomena whioh came under 
the voyager’s notice mud Geology very soon took her revenge for the 
worn which the much-bored Edmbmgh student had poured upon hen 
Three weeks after leaving England the ship touohed land for At 



first time at St Jago, in the Cape de Yerd Islands, and Darwin 
found his attention vividly engaged by the volcanic phenomena and 
the signs of upheaval which the island presented His geological 
studies had already indicated the direction in which a great deal 
might be done, beyond collecting , and it was while sitting beneath 
a low lava cliff on the shore of this island, that a sense of his real 
capability first dawned upon Darwin, and prompted the ambition 
to write a book on tho geology of the various countries visited 
(I, p 66) Even at this early date Darwin must have thought 
much on geological topics, for he was already oonvincod of the 
snpenonty of Lyell s views to those entertained by the catastro- 
phists* , and his subsequent study of the tertiary deposits and 
of the terraced gravel bods of South Amenca was eminently fitted 
to strengthen that conviction ihe letters from South America 
contain little reference to any scientific topic exoept geology , and 
even the theory of the foimation of coral reefs was prompted by the 
evidence of extensive and gradual changes of level afforded by the 
geology of South Amenoa, ‘No other work of mine,’ ho says, 

‘ was begun in so deduotive a spirit as tins , for the whole theory was 
thought out on the West Coast of South America, before I had seen 
a true coral reef I had, therefore, only to veufy and extend my 
views by a careful examination of living reefs ’ (I, p 70 ) In 1835, 
when starting from Lima for the Galapagos, he reoommends his 
fnend W D Pox, to take up geology — * there is so much larger a 
field for thonght than in the other branches of Natural History I 
am become a zealous disciple of Mr Lyell s views, as made known in 
his admirable book Geologising in South Amenoa, I am tempted to 
carry parte to a greater extent even than he does Geology is a 
capital scuenoe to begin with, as it requires nothing bnt a little read- 
ing, thinking, and hammenng ” (I, p 263 ) The truth of the last 
statement, when it was wntten is a curious mark of the subsequent 
progress of geology Even so late as 1836, Darwin speaks of being 
“ much more inclined for geology than the other branches of N atural 
History’ (I, p 275) 

At the end of the letter to Mr Pox, however, a little doubt is 
expressed whether zoological studies might not, after all, have been 
more profitable, and an interesting passage in the Autobiography 
enables us to understand the origin of this hesitation. 

“ During the voyage of the ' Beagle ’ I had been deeply impressed 

• “I had brought with me the flnt volume of Lyell e ' Principle* of Geology,’ 
which I studied attentively j and the book wa* of the highest ternoe to me in many 
way* The very flnt plaoe which I examined namely, St Jago in the Cape de 
Yerd Islande* ah owed me eleariy the wonderful wperiimty of Lyell'* manner of 
treating Geology- compared with that of any other author whole works I had with 
me or sver afterwards read " (I, p 6S ) 
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by discovering m the Pampeen formation great foesil animal* covered 
with armour like that on the existing armadillo* , secondly, by the 
manner in which doaely-allied ammaU replace one another in pro- 
ceeding southward* over the continent , and, thirdly, by the Sonthi 
American character of moat of the production* of the Galapagos 
Archipelago, and, more especially, by the manner m which they dilfer 
slightly on each island of the group some of the island* appearing 
to be very ancient in a geological aense 

" It waa evident that auoh facta as these, as well aa many others, 
could only be explained on the supposition that species gradually 
become modified , and the subject haunted me But it waa equally 
evident that neither tho action of the surrounding conditions, nor the 
will of the organisms (especially m the case of plants) feonld aooonnt 
for the innumerable oases in which organisms of every kind are beau- 
tifully adapted to their habits of life , fox instance, a woodpecker 01 
a tree-frog to climb trees, or a seed for dispersal by books or plume* 

I had always been much struck by such adaptations, and until these 
oould be explained it seemed to me almost useless to endeavour to 
prove by indirect evidence that species have been modified ’ (I, 
P 82) 

The facte to which reference is hero made were, without doubt, 
eminently fitted to attract tho attention of a philosophical thinkei , 
but until the relations of the existing with the extinct species and of 
the specie* of the different geogiaphical areas with ono anothci wero 
determined with some exactness, they afFoi ded but an unsafe founda- 
tion for speculation It was not possible that this deteimination 
should have been effeoted before the return of the “ Beagle ” to 
England, and thus the date which Darwin (writing in 1837) assigns 
to the dawn of the new light which was ruing in his mind become* 
intelligible * 

“ In July opened first note-book on Transmutation of Species Had 
been greatly struck from about the month of previous March on 
character of South American fossils and species on Galapagos 
Arohipelago. These facts (especially latter) origin of all my views ” 

(I.P 276) 

• I am indebted to Mr P Darwin for the knowledge of a letter addressed by hi* 
father to Dr Otto Zsohans* in 1877, which oontain* the following paragraph, oon 
Amatory of the view expressed above When I was on board tho ‘ Beagle,' I 

believed in the permanenoe of ipeoie* but, a* far a* I can remember, vague doubt* 
oocaoonally flitted aero** my mind On ray return home in the autumn of 1886 
I immediately began to prepare my journal for publication, and then mw how many 
fact* indicated the common deecent of »pccu», to that m July, 1887, I opened a 
now-book to woord any fact* which might bear on tho quertion But 1 did not 
become convinced that ipecui were mutable until I think two or three yean had 
•lapsed.” 



From March, 1887, then, Darwin, not without many misgivings and 
fluctuations of opinion, inolmed towards transmutation as a pro- 
visional hypothesis Three months afterwards he is hard at work 
collecting facts for the purpose of testing the hypothesis and an almost 
apologetio passage in a letter to Lyell shows that, already, the attrac- 
tions of biology are beginning to predominate over those of geology 

“ I have lately been sadly tempted to*be idle* — that is, as flu* as 
pure Geology is concerned — by the delightful number of new views 
which have boen coming m thickly and steadily — on the classification 
and affinities and instincts of animals — bearing on the question of 
species Note book after note book has been filled with facts which 
begin to group themselves clearly under sub laws * (I, p 208 ) 

lhe problcnn which was to be Darwin's chief subject of occupation 
for the rest of his life thus presented itself, at first, mainly undei its 
distributional aspect Why do species present oortain relations in 
space and m time P Why are tho animals and plants of the Gala- 
pagos Archipelago so like those of South America and yet different 
from them 1 ' Why are those of the saveial islets more or less dif- 
ferent fiom one another P Why are the animals of the latest geolo- 
gical epoch in South Amcnoa similar in facies to thoBe which exist in 
the same region at the present day, and yet specifically or geneti- 
cally different P 

Tho reply to these questions, which was almost universally received 
fifty years ago was that animals and plants were created such as they 
are, and that their present distribution, at any rate so far as terrestrial 
organisms are concerned, has been effected by the migration of their 
ancestors from the region in which the ark stranded aftei the sufasi 
deuce of the deluge It is true that the geologists had drawn atten 
tion to a good many tolerably senous difficulties m the way of the 
diluvial part of this hypothesis, no less than to tho supposition that 
the work of creation had occupied only a bnof space of time But 
even those suoh as Lyell who most strenuously argued in favour of 
the sufficiency of natural causes for the production of the phenomena 
of the inorganic world, held stoutly by the hypothesis of creation in 
the case of those of the world of life 

For persons who were uhable to feel satisflod with the fashionable 
dootrme, there lemained only two alternatives — the hypothesis of 
spontaneous generation, and that of descent with modification The 
former was simply the creative hypothesis with the creator left out , 
the latter had already been propounded by De Mullet and Erasmus 
Darwin, among others, and, latei, systematically expounded ty 

* Darwin generally uiea the word ‘ idle " in a peculiar senee He mean* by tt 
working hard at something he likee when he ought to he occupied with aleee attrao 
tire subject though it eounde paradoxical, there u a good deal to be said in favour 
of this new of pleaeant work 



Lamarck Bat in tbs eyee of the naturalist of tbs “ Beadle " (and, 
probably, in those of most sober thinkers), the advocates of trans- 
mutation had done the doo trine they expounded more harm than 
good 

Darwin’s opinion of the scientific value o! the ‘ Zoonomm ’ has 
already been mentioned His verdict on Lamarck is given in the 
following passage of a letter to Lyell (Maich, 1863) — 

“Lastly, yon refer repeatedly to my »icw as a modification of 
Lamarck’s doctrine ot development and progression If tins is your 
deliberate opinion there is nothing to be said, but it does not seem so 
to mo Plato, Buffon, my grandfather, botore Lamarck and others, 
propounded the oiwous view that if species were not created sepai ately 
they must bare descended from other species, and I can see nothing 
else in ootnmon between the * Origin ’ and Lamarck I believe this 
way of putting the case is very injurious to its aoccptanoo, as it 
implies necessary progression, and closely co meets Wallace s and my 
views with what Iconsidei, after two deliberal Breedings, as a wi etched 
book, and one fiom which (I well remembei to my surpiise) I gamed 
nothing ” 

“ But," adds Darwin with a little touch of banter, “ I know yon 
rank it higher, which is curious, as it did not m the loast shake youi 
belief 1 (III, p 14, see also p 16, “to mo it was an absolutely 
useless book ’’) 

Unable to find any satisfactory theory of the process of desoent with 
modification in the works of his predecessors, Darwin proceeded to lay 
the foundations of his own views independently, and he naturally 
turned, m the first place, to the only certainly known examphs of 
desoent with modification, namely, those which are presented by 
domestic animals and cultivated plants He devoted bimscli to the 
•tody of these cases with a thoroughness to which none of his prede- 
cessors even remotely approximated, aud he very soon had his reward 
in th« discovery “ that selection was the keystone of man’s success in 
making useful races of animals and plants (I, p 83 ) 

This was the first step in Darwin s progress though its immodiate 
mult was to bring him face to face with a great difficult} “ But how 
selection oonld be applied to oigamsras living m a Btate of nature 
remained for some tune a mystery to me (1, p 88 ) 

The key to this mystery was furnished by the accidental perusal of 
the famous essay of Malthas 1 On Population ’ m the antomn of 1838 
The necessary result of unrestricted multiplication is competition for 
the means of existence The success of one competitor involves the 
failnre of thereat, that is, tbeir extinction, and this “selection” is 
dependent on the better adaptation of the successful competitor to 
the conditions of the competition V a nation occurs under natural, no 
leas than under artificial, conditions Unrestricted multiplication 



implies the competition of varieties and the selection of those which 
are relatively best adapted to the conditions 
Neither Erasmus Darwin, nor Lamarck, had any inkling of the 
possibility of this process of “ natural selection ” , and tbongh it had 
been foreshadowed by Well* in 1813 and more ftally stated by 
Matthew in 1831, the speculations of the latter writer remained 
unknown to naturalists until after the publication of the * Origin of 
Specie* ’ • 

Darwin found m the doctrine of the selection of favourable varia- 
tions by natural causes, which thus presented itself to his mind not 
merely a probable theory of the origin of the diverse species of living 
forms bat that explanation of the phenomena of adaptation which 
previous speculations had utterly failed to give The process of 
natural selection is, in fact, dependent on adaptation — it is all one, 
whether one sajs that the competitor which survives is the “fittest” 
or the “ best adapted And it was a perfectly fair deduction that 
even the most complicated adaptations might result from the sum- 
mation of a long senes of simplo favourable variations 

Darwin notes as a serious defect in the first sketch of his theory 
that he had omitted to consider one very important problem the 
solution of which did not occur to him till some time afterwards 
“ This problem is the tendency m organic beings descended from the 
same stock to divorge m character as they become modified 
The solution aa I believe, is that the modified offspring of all domi- 
nant and increasing forms tend to become adapted to many and highly 
diversified places in the eoonomy of nature ’ (I p 84 ) 

It is curious that so mnoh importance should be attached to this 
supplementary idea It seems obvious that the theory of the oi igm of 
species by natural selection necessarily involves the divergence of 
the forms selected An individual which vanes, xjmo facto diverges 
from the type of its species , and its progeny, m whioh the variation 
beooznes intensified by selection, must diverge stall more, not only from 
the parent stock, but from any other raoe of that stock starting 
from a variation of a different character The selective process 
could not take place unless the selected variety was either better 
adapted to the conditions than the original stock, or adapted to other 
conditions than the original stock In the first case, the original stock 
would be sooner or later extirpated , m the second the type, as repre- 
sented by the original stock and the variety, would oooopy more 
diversified stations than it did before 
The theory, essentially each as it was published fourteen years 
later, was written out in 1844, and Dai win was so folly convinced of 
the importance of his work, as it then stood, that he made special 
arrangements for its publication in case of his death Bnt it is a 
•ingnlar example of reticent fortitude, that, although for the next 
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fourteen yean the aubject never left his mind, end during the Utter 
half of that period he wu constantly engaged m amassing facts bear. 
mg upon it from wide reading, a colossal correspondence, and a long 
senes of experiments, only two or three friends were cognisant of his 
views To the outside world he seemed to have his hands quite 
sufficiently full of other matters In 1844, he published his observe, 
tions on the volcanio islands visited dnnng the voyage of the ‘ Beagle ” 
In 1845, a largely remodelled edition of his 1 Journal * made its appear, 
ance, and immediately won, as it has over since held the favour of 
both the scientific and the unscientific public In 1846, the ' Geolo- 
gical Observations in South America ’ came ont, and this book was no 
sooner finished than Dai win set to woik upon the Cimpcdes He 
was led to undertake this long and heavy task, pat tty by his desire to 
make out the relations of a very anomalous form which he had dis- 
covered on the coast of Chili and partly, by a sense of “ pre- 
sumption in accumulating facts and speculating on the subject of 
variation without, having workod out my duo shine of specios ” (II, 
p 31 ) The eight oi nine yoais of labour, which resulted in a mono- 
graph of first rate impol tance in systematic * oology (to say nothing 
of such novel points as the discnvciy of oomptemental males), left 
Darwin no room to reproach himself on this score, and few will 
share bis “ doubt whether the work was worth the consumption of so 
muoh time ’’ (I, p 8 2) 

In science no man can safely speculate about the nature and rela- 
tion of things with which he is unacquainted at first hand, and the 
acquirement of an intimate and practical knowledge of the process of 
Species making and of all the uncertainties which underlie the bound- 
aries between species and varieties, drawn by even the most careful 
and conscientious systematists* were of no less importance to the 
author of the ‘Origin of Species’ than was the bearing of the 
Cimpede work upon “the pnnuples of a natural classification’' 
(I, p 81 ) No ono, as Darwin justly observes, has a “ nght to examine 
the question of species who has not minutely described many ” (II, 
p 39) 

In September, 1854, the Cimpede work was finished, “ ten thou, 
sand barnacles ” had been sent “ out of the house, all over the world, ' 
and Darwin had the satisfaction of being free to tun again to his 
“ old notes on species ” In 1855, he began to breed pigeons, and to 

• "After describing a set of forms u dulinot specie*, tearing up my MS , and 
making them one specie*, tearing that up and making them separate and then 
making them one again (which ha* happened to mo) I hare gnashed my teeth, 
coned •pomes, and what nn I hid committed to b# mo punished * (II, p 40 ) 
1* thore any naturalist provided with a logical sense and a large »mte of specimen*, 
who his not undergone pang* of the sort described in this vigorous paragraph, 
which might, with advantage be printed on the title page of every systematic 
monograph a* a warning to th# uninitiated ? 
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observations on the effect* of nee- and dime, experiment* on 
seeds, and so on, while retaining his industrious collection of facts, 
with a view “ to see how far the/ favour or are opposed to the notion 
that wild species are mnt&bl* or immutable. I mean with my utmost 
power to give all arguments and facts on both sides. I have a number 
of people helping me ever/ way, and giving me most valuable assis- 
tance; but 1 often doubt whether the subject will not qnite over- 
power me.” (IT, p. 49 ) 

Early in 1856, on Lyell’s advice, Darwin began to write out his 
views on the origin of species on a scale three or four times as exten- 
sive as that of the work published in 1859. In July of the same 
year he gave a brief sketch of his theory in a letter to Asa Gray ; 
and, in the year 1857, his letters to his correspondents show him to 
be busily engaged on what he calls his “ big book.” (II, pp. 85, 94.) 
In May, 1857, Darwin writes to Wallace: “I am now preparing 
my work [on the question how and in what way do species and 
varieties diffor from each other] for publication, but I find the anbjeot 
so very large, that, though I have written many chapters, I do not 
suppose I shall go to press for two years.” (II, p 95 ) In December, 
1857, he writes, in the course of a long letter to the samo corre- 
spondent, “ I am extremely glad to hear that you are attending 
to distribution in accordance with theoretical ideas. I am* firm 
believer that without speculation thorn is no good and original 
observation.” (II, p. 108.)* In June, 1858, he received from Mr. 
Wallace, then in the Malay Archipelago, au * Essay on the tendency 
of varieties to depart indefinitely from the original type,’ of which 
Darwin says, “ If Wallace had my MS. sketch written ont in 1842 
he could not have made a better short abstract I Even his terms 
stand now as heads of my chapters. Please return me the MS., 
which he doos not say he wishes me to publish, but I shall, of course, 
at once write and offer to send it to any journal. So all my origin- 
ality, whatever it may amount to, will be smashed, though my book, 
if ever it will have any value, will not be deteriorated ; as all the labour 
consists in the application of the theory.” (II, p. 116.) 

Thus, Darwin’s first impulse was to publish Wailaoe’s essay withou* 
note or comment of his own. But, on consultation with Lyell and 
Hooker, the latter of whom had read the sketch of 1844, they suggested, 
as au undoubtedly more equitable oourse, that extracts from the MS. df 
1844 and from the letter to Dr. Asa Gray should be communicated to 
the Linnean Society along with Wallace's essay. The joint commu- 
nication was read on July 1, 1858, and published under the title ‘ On 
the Tendency of Species to form Varieties; and on the Perpetuation 

* The hut remark contains a pregnant truth, but it mutt be c onfes se d it hardly 
squama with the declaration in the ‘ Autobiography ’ (I, p. 88) that he worked on 
true Baconian principles.” 
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of Varieties and Species by Natural Means of Selection* This was 
followed, on Darwin’s part, by the composition of a summary account 
of the conclusions to which his twenty you s’ work on the species 
question had led him It occupied him for thirteen months, and 
appeared in November, 1859, under the title ‘ On the Origin of 
Species by means of Natural Soleehon or the Preservation of 
Favoured Bates in the Strugglo of Life 

It is doubtful if any single bonk, except the ‘ Principle ’ evei 
worked so great and so rapid a revolution m scunoe, 01 nrado so deep 
an lmpreslion on the general mind It aroused a tempest of op pot. 1 
tion and met with equally vehement support, and it must be added 
that no book has been more widely and persistently misnnderbtood by 
both fnonds and foes In 18bl, Darwin remarks to a co^onpon lent 
“ you understand my book perfectly, and that I find a very rare event 
with my entice ’ (I, p 313 ) The immense popularity which tho 
‘Ongin’ at once acquired was no doubt largely due to its many 
points of contact with philosophical and theological questions m 
which every intelligent man feels a profound interest , but a good 
deal must bo assigned to a somewhat delusive simplicity of stylo 
which tends to disguise the complexity and difficulty of the subject, 
and much to the wealth of information on all sorts of curious 
problems of natural history, which is made accessible to the most 
unlearned reader Bat long occupation with tho woik his led the 
present writer to believe that the ‘ Ongin of Species ’ is one of the 
hardest of books to master ,• and he is justified in this conviction by 
observing that although the 1 Origin* has been close on thirty years 
before the world, the strangest misconceptions of the essential nature 
of the theory therein advocated are still put forth by serious writers 

Although, then, the present occasion is not suitable for any 
detailed criticism of the theory or of the objections which have 
been brought against it, it may not be out of place to ondeavour 
to separate the substanoe of the theory from its accidents and to 
show that a variety not only of hostile comments, but of friendly 
would be improvements lose their rvuon d’etre to the careful student 
Observation proves the existence among all Irving beings of pheno- 
mena of three kinds, denoted by the terms heredity, variation, and 
multiplication Progeny tend to resemble their parents , nevertheless 
all their organs and functions are susceptible of departing more or Ices 
fiom the average parental character , and their number is in excess 
of that of their parents Severe competition for the means of living 
or the struggle for existence, is a necoesary consequence of unlimited 
multiplication; while selection, or the preseivatum of favourable 

• He u eomforted to find that probably the beet qushflod judge among all the 
Madera of the ' Origin ’ in 1869 waa of the aatne opinion Sir J Hooker wntea 
*• it u the very hardest book to read, to full profit, that I ever fined " (II p Ml) 

m xi it e 
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variations and the extinction of others, is a nooessary oonaeqnenoe of 
severe competition “ Favourable variations ’ are those wlneh are 
better adapted to surrounding conditions It follows therefore, that 
every vaiiety which is selected into a species is so favoured said 
preserved in consequence of being in some one or moro respects, 
better adapted to its surroundings than its rivals In other words 
evity spocics wlmh exists, exists in virtue of adaptation and what 
ever acoonnts for that adaptation aeoonnts for the existence of tho 
species 

To say that Darwin has pot forward a theory of the adaptation ot 
species but not of their origin is therefore to misunderstand tho 
flist principles of tho theory Foi as has 1 een pointed ont it is 
a neoessay consequence of the theory of selection that every species 
ninst have some one or moie structuial or functional peculiarities, in 
v ntne of the advantage confeirod by which, it has fought through 
the crowd of its competitors and achieved a certain duration In 
this sense it is true that every spouos has been “originated” by 
selection 

There is another sense, however, in whioh it is equally true 
that selection originates nothing * Unless piofitable variations 
occur natural selection can do nothing (‘ Origin,’ Ed I 
p 82) “ Nothing can be effected unless favourable variations 

oocur (t&iJ p 108) * What applies to one animal will apply 

throughout time to all animals— that is, if they vary — foi otherwise 
natural selection can do nothing So it will be with plants (tbxd 
p 113) Strictly speaking therefore the origin of species in general 
lies in variation , while the origin of any particular species kes, firstly 
in the ooonrrenoe, and secondly, in the selection and preservation of a 
particular variation Clearness on this bead will relieve one from the 
necessity of attending to the fallacious assertion that natural selec- 
tion is a deut ex tnaehtnd or oocult agency 

Those again, who confuse the operation of the natural causes 
whioh bi mg about variation and selection with wbat they are pleased 
to call “ chance ’ can hardly have read the opening paragraph of the 
fifth chapter of the ‘Origin’ (Ed I, p 131) ‘ I have sometimes 
spoken as if the variations had been due to chance This 

is of course a wholly incorrect expression bnt it seems to aolcnow 
ledge plainly our ignorance of the cause of each particular variation ” 

Another point of great importance to the right comprehension of 
the theory, is, that while every species most needs have some adap 
tive advantageous characters to whioh it owes its preservation by 
selection, it may possess any number of others which are neither 
advantageous nor disadvantageous, but indifferent, or even slightly 
disadvantageous (Ibid , p 81 ) For variations take place, not 
merely in one organ or function at a time, but in many , and thus 



an advantageous variation, which gives me to the selection of a new 
race or species, may be accornpamod by others which are indifferent, 
but which are just as strongly hei editury as the advantageous varia- 
tions The advantageous structure is but one product ot a modified 
general constitution which may manifest itself by several other 
products , and the selective proof ss tames the general constitntion 
along with the advantageous special jieeuhanty A given species of 
plant may owe its existence to the selective adaptation of its flowtrs 
to insect fertilisers , but the character of its leaves may be the result 
of variations of an indifferent character It is the origin of vana 
tions of this kind to wluoh Darwin rotors in his freqnont refcieneo to 
what he calls “laws of correlation of growth ’ or “coirclatcd 
variation ” 

These considerations lead us further to see the inappropnatencss of 
the objections raised to Darwin s theory on t he ground that naturn 1 selec- 
tion does not acoount for the first eomme ncements of useful organs 
But it does not pretend to do so 1 he source of Buch commencements 
is necessarily to be sought in mdiffeicnl laiiations, which remain 
unaffected by selection until they have taken such a form as to 
become utilisablo in the struggle for t xistcnce 

It is not essential to Darwin s theory that anything more should bo 
mummed than the facts of heredity’ vai mtion and unlimited multipli 
cation , and the validity of tho doduetive reasoning as to the effect of 
the last (that is, of tho struggle foi existent e which it involves) 
upon the varieties resulting fioiu tlu operation of the foimer Nor 
is it essential that one should take up any particular position in 
regard to the mode of venation whether, for example, it takes 
place pei ealtum or gradually whetlior it is definite ra character 
or indefinite Still loss are those who accept the theory bound 
to any paitionlai news as to the causes of heredity or of variation 

That Darwin held strong opinions on some or all of these points 
may be quite true , but, so far as tho thorny is ooncernod, they must be 
regarded as obiter dicta With respect to the causes of variation, 
Darwin's opinions are, from fust to last, put forward altogether tenta- 
tively In the first edition of the ‘ Origin,’ he attributes the 
strongest influence to changes in the conditions of life of parental 
organisms, which he appears to think act on the germ tlitough 
the intermediation of the sexual organs He points out, over and 
over again, that habit, use, disuse, and the direct mfluenoo of con- 
ditions have some effeot, hut he does not think it great, and he draws 
attention to the difficulty of distinguishing between effects of these 
agencies and those of selection Theie is, however, one class of 
variations which he withdraws from the direct influence of selection, 
namely, the variations in the fertility of the sexual union of more or 
less closely allied forms He regards less fertility, or more or less 
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0 uiplete sterility, as ** incidental to other aoqmred differences ” 
(16*/, p 245) 

CouHidenng (he difficulties -which surround (be question of the 
causes of variation, it is not to be wondered at, that Darwin should 
have inclined, sometimes, rather more to one and sometimes rather 
noie to another of the possible alternatives i hero is little differ 

1 nto between tbe last edition of the ‘ Oiigm (1872) and the first on 
tins head In 1876, however, ho writes to Monts Wagner, “ In my 
opinion, the greatest error which I have committed has been not 
allowing snffioient weight to tbe direct action of the environment, 
i e food ohmato, Ac , independently of natural selection 

When I wrote the ‘Origin, and for aome years aftet wards, I could 
find little good evidence of the dnect action of tbo environment, now 
thore u a laige body of evidence, and yonr case of the Saturma is 
one of the most remarkable of which I have heard (III, p 159 ) 
But there is really nothing to prevent the most tenacious adherent to 
the theory ot natural selection from taking any view hi pleases as to 
the importance of the direct influence of conditions and the here- 
ditary trausiuiseibility of the modifications which they produce In 
twit theie is a good deal to bo said for the view that tho so called 
diroct influence of conditions is ilself a case of selection Whether 
the hypothesis of Pangenegis be accepted oi rejected, it can baldly be 
donbted that the struggle tor existence gooe on not moiely between 
distinct organisms but between the physiological unit# of which 
each organism is composed, and that changes in external conditions 
favour some and hinder others 

After a short stay in Cambridge, Darwin resided m London for 
the first five years -which followed his return to Ln gland , and 
ioi three years, he held the post of Secretary to the Geological 
Society though he shared to the full his friend Lyoll s objection to 
entanglement in such engagements In fact, he used to say in later 
life, more than half in earnest, that he gave up hoping for work from 
men who accepted official duties and, especially, Government appoint- 
ments Happily for him be was exempted from the necessity of making 
any sacrifice of this kind, but an even heavier burden was laid upon 
him During the earhei half of his voyage Darwin retained the 
vigorous health of h« boyhood, and indeed proved himself to be 
exceptionally capable of enduring fatigue and privation f An anoma 
Ions bat severe disorder, which laid him up for several weeks at Val- 
peraiso in 1834, however, seems to have left its mark on his constitu- 
tion , and, in the later years of his London life attacks of illness, 
usually accompanied by severe vomiting and great prostration of 
strength, became frequent As he grew okLr, a considerable part of 
every day, even at his best tunes, wss spent in misery, while, not 



XXI 


unfrequently, months of suffering rendered uork of any kind 
impossible Ei en Darwin b remarkable tenacity of purpose and metho 
dical utilisation of evtiy paitiele of available energy could not hate 
enabled him to achieve a fraction of the vast amount of labour he 
got through in the course of the lolloping forty y tars, had not the 
wisest and the most loving care unceasingly sunoundi d him from tl t 
time of his marnage in 1819 As eaily as 1842 the failure of health 
was so marked that removal fiom London became imperatively 
necessary and Darwin pnrch&sod a house and gr lunds at Down a 
solitary hamlet in Kent which w is his homo for the rest of Iub life 
Under the strictly regulated conditions of a valetudinarian exist 
enoe the intellectual activity of the mvalti might hate put to shame 
most healthy men and si long as he could hold his head up there 
was no limit to the gonial kindness of tli >ught and action for all 
abont him Those friends who wlio pnvileged t > share the intimate 
life of the household at Down havo an abiding me moiy of the cheerful 
restfulness which pervaded and cliaiactensod it 

After mentioning his settlement at Down Darwin writes in his 
Autobiography — 

‘My chief enjoyment and s le employment throughout life has 
been scientific work and the excitement fiom such work makeB me 
foi the time forget or drives quite away my daily discomfoit I 
have tberefoie nothing to locord during the list of my life except the 
publication of my several books (1 p 79) 

Of such works published subsequently to 1859 bovi ral are mono 
giaphie discussions of topics bnefly dealt with in the Oiigin which, 
it must always be leoolleoted was consideitd by the authoi to bo 
merely an abstract of an opus maj us 

The earliest of the books which may be placed in this category, 
‘On the Various Contrivances by which Ojcbids are lertihsed by 
Insects, was published in 1862 and whether we ltgard its theoretical 
significance the excellence of tho nbsot vations and the ingenuity of 
the reaaonings which it records or the prodigious mass of subsequent 
investigation of which it has been the parent it has no superior in 
point of importance The conviction that no theory of the origin of 
speeios could bo satisfactory which failed to offer an explanation < f 
the way in which mechanisms involving adaptations of stiuetuie and 
function to the performance of ceitain operations are brought about 
was, from the first, dominant in Darwin’s mind As has been seen 
he rejected Lamarck s views because of their obvious incapacity to 
furnish such an explanation in the case of the great majority ot 
animal mechanisms, and in that of all those presented by the vege 
table world 

So far back as 1793, the wonderful work of Sprengel had estab- 
lished, beyoud any reasonable doubt, the fact that, in a huge number 
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of cases a flower u a pi ore of mechanism the object of which u to 
oonvert insect visitors into acrents of feitilisation Sprengel s obser 
vatu ns had been most undeservedly neglected and well nigh foi 
gotten but Robert Brown having directed Darwins attention to 
them in 1841 he was attracted towar Is the subject and verified man> 
of Sprengel s statements (III p 258 ) It may bo doubted whether 
there was a living botanical specialist except peihaps Brown who 
had done as muoh If howovor adaptations of this kind were to be 
explained bj natural selection it was necessary to show that the 
plants which wire provided with mochamsms for ensnnng the aid 
of insects as fertilisers were by so mmh the bettor fitted to 
c mpete with their rivals This Sprengel had not done Darwin 
had been attending to cross fertilisation m plants so far bock ns 
183*1 from having arm ed in the course of his speculations on tho 
origin of specios that crossing playe 1 an important part m koeping 
specific forms constant (I p 90) The further development of his 
views on the impoitance of cross feitilisation appears to have taken 
place between this time and 1857 when ho published his first papeis 
on the fertilisation of flowers in tho Ctai lener h Chronicle If the 
conclusion at which 1 e ultimately arrived that cross fertilisation is 
fav inrable to the fertility of the paront and to the vigour of the off 
spring is correct then it follows that all those mechanisms wlioh 
hinder self fertilisation and favour crossing mnst be advantageous in 
the struggle foi existence and the more perfect the oetiin of the 
mechanism the groatei the advantagt Thus the way lay open for the 
operation of natural selection m gradually perfecting the flower as a 
feitilisation trap Analogous reasoning applies to the fertilising insect 
The better its structure la adaptod to that of the trap the more will 
it be able to profit by the bait whether of honey or of pollen to the 
exclusion of its competitors Thus by a sort of action and leactiou 
a two fold senes of adaptive modifications will be bro light about 
In I8bfi the important beanng of this subject on his theory led 
Darwin to commence a great senes of labonous and difficult expe- 
riments on the fertilisation of plants, which occupied him for 
eleven yeais aud furnished him with the unexpectedly strong evi 
denoe in favour of the influence of crossing which he published in 
1876 under the title of ‘ The Effects of Cross and Self Fertilisation in 
the Vegetable Kingdom ’ Incidentally as it were to this heavy piece 
of work he made the remarkable senes of observations on the 
different arrangements by which crossing is favoured and, in many 
oases, necessitated, which appeared in the work on * The Different 
Forma of Flowers in Plants of the same Species in 1877 

In the oourse of the twenty years during which Darwin was thus 
occupied in opening up new regions of investigation to the botanist 
nd showing the profound physiological significance of the apparently 
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meaningless aivemties of floral structure, hu attention wu keenly 
alive to any other interesting phenomena of plant life whioh came in 
his way In his conespondence ho not nnfrequently laughs at himself 
for lus ignorance of systematic botany , and his acquaintance with 
vegetable anatomy and physiology was of the slendeiest Never the 
lees, if any of the less common features of plant life came nndei his 
notice, that lmpenons necessity of seeking for causes which nature had 
laid upon him, impelled and indeed compelled him to inquire tho how 
and the why of the fact, and its bearing on his general news And 
as, happily, the atavio tendency to frame hypotheses was accom 
pamed by an equally strong need to test them by well devised 
experiments, and to acquire all possible information beloio publishing 
his results, the effect was that ho touched no topic without elueida 
ting it 

Thus the investigation of tho operations of insectivorous plants, 
embodied in the woik on that topic published in 1875, was started 
fifteen years before, by a passing observation made during one of 
Darwin s lare holidays 

In the summer of I860, 1 was idling and resting near Hartfield, 
where two species of Drosera abound , and I notioed that numerous 
insects had been entrapped by the leaves I earned home some plants, 
and on giving them some insects saw the rnovi meuls of the tentacles 
and this made me think it possible that tho insects were caught for 
some special purpose hurtunatdy, a crucial test ooeuned to me, 
that of placing a large niuubu oi leaves m various nitrogenous and 
non nitrogenous fluids of equal density , and as soon as I found that 
the former alone excited enugetic movements, it was obvious that 
here was a fine new field frn investigation (I, p 95 ) 

Ibe reseal chee thus initiated led to the proof that plants aie 
capable of soereting a digestive fluid like that of animals and of 
profiting by the result of digestion , wheieby tho j eculiai apparatuses 
of the insectivorous plants were brought witbra the scope of natuial 
selection Moreover, these inquuies widely enlarged oui knowledge of 
the manner in which stimuli are transmitted in plants, and opened up 
a prospect of drawing closer tho analogies between the motor process 
of plants and those of anunals 

So with respect to the books on ' Climbing Plants (I87*»>, and on 
the ' Power of Movement in Plants (1880), Dai win says,— 

‘ I was led to take up this subject by reading a short papei by Asa 
Gray, published in 1868 He sent me some seeds, and on raising 
some plants I was so much fascinated and perplexed by tho revolving 
movements of the tendrils and stems, which movements are really 
very simple, though appearing at first sight very complex, that l 
procured vai ions other kinds of ohobrag plants and studied the whole 
subject Some of the adaptations displayed by climbing plant* 
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are as beautiful as those of orchids for ensuring cross-fertilisation " 
(J,p 93) 

In the midst of all this amount of work, remarkable alike for its 
variety and its impoitance among plants, the animal kingdom was by 
no means neglected A large moiety of ‘ The Variation of Animals 
and Plants under Domestit atiou 1 (1868), which contains tho pveet 
justtjicatties of the first chapter of tho • Chigm, is derotod to domeetio 
animals, and the hypothesis of 1 pangi nests ’ propounded in the 
second lolume applus to tho whole living world In the ‘Origin’ 
Darwin throws out Bomo suggestions as to the causes of variation, 
hut he takes heiedity as it is manifested by individual organisms, 
tor granted, as an ultimate fact , pangonosu is an attempt to account 
for tho phenomena of heredity m the brgimsm, on the assumption 
that the physiological units of which the organism is composed giro 
oft gemmulos, which in vntne of heredity, tend to reproduce the 
unit from whn h they are dorivod 

That Dai win had the application of his theory to the origin of the 
human spoeios clearly in his mind in 1859 is obvious from a passage 
m the first edition of ‘ The Origin of Species ’ (Ed 1, p 488 ) “ In 
the distant future I see open fields for far more important tesearches 
Psychology will bo based on a new foundation, that of tho necessary 
acquuoment of each mental power and capacity by graduation 
Light will be thrown on tho ongin of man and his history ” It is one 
of the cut lost ties ot scientific lituatnre that, in the face of thia plain 
declaration, its author should have been charged with concealing his 
opinions on tho subject of the oi igm of man Hnt he reservod the full 
statement of his views until 1871, when tho ‘ Descent of Man ’ was 
published Iho ‘ Expression of the Emotions ’ (originally intended to 
form only a chapter in the ‘ Descent of Man ’) grew into a separate 
volumo, which appeared m 1872 Although always taking a keen 
interest in geology, Darwin natuially found no time disposable for 
geological work, even had his health permitted it, after he became 
seriously engaged with the great problem of species But the last 
of his labours is, in some sense, a return to his earliest, inasmuch as 
it is an expansion of a short paper read before the Geological Sooiety 
more than forty years before, and, as he says, “ revived old geological 
tlionghts ’ (I, p 98) In fact, ‘ The Formation of Vegetable Monld 
through the Action of Woima,' aflords as striking an example of the 
great results produced by the long continued operation of small 
causes as even the author of the ‘ Principles of Geology’ oould have 
desired 

In tho early months of 1882 Darwin’s health underwent a change 
for the worse , attacks of giddiness and fainting supervened, and on 
the 19th of April he died On the 24th, his remains were interred in 
Westminster Abbey, m accordance with the general feeling that snob 
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a nan aa he should not go to the grave without none public recogni- 
tion of tho greatness of his work 

Mr Darwin became a Fellow of the Royal Society in 1839 , one ot 
the Royal Medals was awarded to him in 18SS, and he loceivcd the 
Copley Medal in 18ti4 The ' Life and Let tom, edited with admnable 
skill and judgment by Mr Frant is Darwin gi os a lull and aingnlaily 
vivid presentment of his fathers personal character, of his mode of 
work, and of the emits of hia life Tn the present brief obitnarj 
notice the writer has attempted nothing moio than to select and 
put togothei those facts which enable ns to tiacc the intellectual 
evolution of one of the greatest of the many great men of science 
whose names adorn the long roll of tho bellows of the Royal Society 

L H H 


Mr Thomas BririRD Corlin i, h ft ( S IRS died at Cannes 
on tho 4th of March, 1888 in the 78th ycai of ago of a sovoie attach 
of pneumonia or congestion of tho lunga cause l by i hill 

This distinguished snigeon was bom in 1811, and iesulod m 
London during tho greater port of his profesme nal lifo, which was 
one of continued scientific and public utility Tho value of his cou 
tnbutiona to surgery and pathology his groat eminence as a surgeon 
and ohntoal teochci, and his uptight just and honomnble eharactci 
not only placed him in tho foumost rank of hia pioftsaion, hut 
aocured for him the sffoction and esteem of tho numerous friends who 
deplore hia loss 

Mr Curling had retned fiom the active duties of his profession os 
Senior Surgeon of tho London Hospital m lb(>9 but continued to 
practise until within the last ton years wine It wero spent in well earned 
rest at Bughton, varied by cerasinnal visits to the Riviera wheit us 
has been stated, his career was brought to a sudden (lose by a seven 
pulmonary attack He obtained professional distinction early m 
life , at tho age of twenty two he was appointed Assistant Surgeon of 
the Loudon Hospital , in this ho appears to have been paitly aided by 
the influence of hia uncle, Sir W Blirurd who thus happily had the 
means of placing the opportunity of advancement, which was so 
readily seised and so fully utilised within the gtasp of tho young 
Burgeon whose brilliant subsequent uvreei proved how petty its early 
promise had been estimated by those who appointed him to so 
important a post 

Mr Curling’s career ns a hospital surgeon and teacher of surgery 
was one of continued progress at d succors A i ccont notice of him 
says — ‘ Perhaps nowhere was his chaiac tor more apparent than while 
ward visitiDg at the London Hospital His metli wheal and punctual 
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habits passed into ft proverb with tho students, for ho usually entered 
the ^rntes as his visiting hnnr struck. A strict disciplinarian, he won 
a terror to tho slovenly dresser, but an object of respect and admira- 
tion to the zealous. Freely blaming, if blame were due, he never 
withheld praise when snch was deserved. Exact and punctilious in 
detail himself, he evinced his strong sense of duty to the patient by 
examining into the smallest minntiro of dressing and note-taking. 
Possessing a sound and well-balanced judgment, backed by great 
clinical experience, ho did not permit theories to be based on insuffi- 
cient base's. His practice and his teaching were not at variance, 
both wore sound, upright, and just. 1 ’ 

Mr. Curling was appointed Jxvturcr on Snrgcry in 1846, and 
became Full Sntgion of the London Hospital in 1849, from whioh 
office he retired in I860, retaining that of Consulting Surgeon till 
his death Jfe was appointed Examiner in Surgery to the London 
University in 1859, Member of the Conneil of the Royal College of 
Surgeons in 1864, Exanmior in 1871, nnd tilled the high office of Pre- 
sident in J873 lie had lieen elected a Fellow of the Royal Society 
ns early ns 1850. 

His largo and varied experience is stnmped on hrn written works. 
His earliest investigations wore on tetanus, which were rewarded by 
the Jacksonian prue in 18.34. This sound woik wns followed by 
many communications of interest and importance to the Royal 
Medico-Chirorgical and Pathological Societies, comprising amongst 
them that upon Duodenal donation as a consequence of burns. 
Towards 1855 the subject of his Articles tended rather to the illus- 
tration ot diseases ol the testes and rectum, and his wide experience 
m thise sections of surgery wns of mnoh benefit to those who suffered 
from these affections. His works on Diseases of tbo Testis and on 
Diseases of tho Rectum, each of which reached a fourth edition, are 
standard authorities on the subjects of which they treat. 

He was a most courteous, amiable man; undemonstrative in 
manner, bat sincere nnd true in his friendships and feelings. His 
diameter has justly been described as “ ono of singular honesty and 
straightforwardness ; he had a kind heart, and secured and kept the 
deep respect of all who know him." 

Mr. Curling had two sons, both of whom, as well as their mother, 

predoerased him. 

J. F. 
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By the death of Phiup Htnuy Gossb the Society has lost not oily 
a many sided and expeuenoed naturalist but one who did more than 
almost any of his scientific contemporaries to popularise the study of 
natural objects 

Mr Goese was born at Woictstcr in 1810— his father a miniature 
painter of some note in his day He was educated, in part at least, 
at the Blandford Grammar School, and at seventeen was sent out to 
Newfoundland as a clerk in a business house After eight ytars of 
commercial life he settled in Canada as a farmer, bat the ventui e did 
not pro\ e successful, and he retained to I ngUnd In 1818 ho went 
south throagh the Uaited States, and was engaged as a sehoolmastei 
m Alabama , subsequently he resided toi some trait m Jamas a as a 
professional naturalist, and then, having dihmttly adopted natural 
history and literature as a piofeswon, he returned to st tile in 
England The roving life of Ins earlier years afforded wide oppoi 
tomtics for natural history pursuits, and his early works show 
evidence at least of aente powers of nbseivation lhi Canadian 
Naturalist ’ (1840) and ‘ The Birds ot Tamaita (1851) wen 
perhaps his most important contributions during this pc nod but 1 o 
had published also a number of zoological manuals and ot Ik r be i Ira 
of more popular charat toi 

Prom this time, howovei, Mr Gosse devoted lnmsclt more particu- 
larly to the British minne I anna and flora He was an assiluous 
collector and, simultaneously pcihajw with the late Mr Wamugton, 
devised the marine sqnannm, as a means of obsei vrag the habits and 
economy of marine shallow water organisms The idea wns taken up 
by the Zoological Society, who, in 1853 const) urtod tanks on aeon 
siderable scale in their gardens ra Regents Park ‘A Naturalists 
Rambles on the Devonshire Coast a little handbook to ‘The 
Aqnanum ’ (1853-4), and other woi ks of similar beat mg published 
about the same time, attracted much attention and, as a practical 
result, aquana became common and the collection of objects for thorn 
a popular sea-side amusement Of greater raipoi tanee from a scientific 
point of view was his ‘Manual of Marine Zoology’ (1855-b), two 
small volumes, copiously illustrated with outline drawings — a work 
extremely useful in its day 

Mr Gesso’s subsequent contributions to scientific lit* ratuio were 
less frequent but of more original churaettr His name will probablj 
be best remembered as the auth l of the ‘ Actinologia Butaumca,’ a 
history of the sea-anemones and ccruls of the British Islands which 
still, after the lapse of neaily thirty yesis, main lams its authoritativo 
position Of later times his att* ntiou was mi re partirulai ly directed 
to the Rotifera, and the results of his observations up to 1886 weio 
embodied in an impottant monograph of the group, published con- 
jointly with Dr C T Hudson The Society s ‘ ( atalogue of 
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Scientific Papers ’ cogRtina a lilt of nearly sixty memoir* from hi* 
pen between 1843 au#1867, and this number would require consider- 
able addition to incline those of recent years. Bat the bulk of his 
literary labour was,di pended on works of more popular nature. These 
were very numero& and embraced a great variety of subjoots ; the 
style was generally very happily chosen, and they were marked by 
the same accuracy as his more strictly scientific writings. Much of 
the interest and value of Mr Gosse’a contributions to science is due to 
their admirable illustration, the author's facility and precision with 
pencil and brttsh, which lasted late into old age, being no doubt in 
part an inherited gift. 

Mr. Gosse was elected a Fellow of the Society in 1856. His decease 
took place at Marychurch on the 23rd of April, 1888, in his 79th year. 
For many years he had led a seoludod lifo, of which his friends were 
kept aware by his occasional contributions to the scientific journals. 

H. B. B. 
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on the ere** set lion* of (Hennessy), 
101 

Plot nutation of the lemurs, an addi 
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